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Summary
A great deal of information exists concerning the analysis 
of mineral elements in man's diet and health, some
performed using the most rudimentary of methods and 
producing results which are now known to have been
inaccurate. The experimental work reported here was 
carried out using Inductively Coupled Plasma - Mass 
Spectrometry (ICP-MS), one of the most up to date methods 
of elemental analysis.
A general introduction to the area of biological mineral 
research is made in chapter one, together with some detail 
on the importance of the geochemical environment as a 
determinant of minerals available in the diet.
Chapter two reviews the problems inherent to elemental
analysis and outlines the practical use of ICP-MS for such
a task. The results of a short study comparing ICP-MS to 
the more established technique of atomic absorption 
spectrometry (AAS) are also included in this chapter.
A new wet-oxidation method for dissolving liquid milk 
samples was developed in order to determine the levels of 
seventeen elements in milk samples from eleven regions of 
England and Scotland at monthly intervals. This study, 
reported in chapter three, shows that pasteurised milk is 
by no means an homogeneous product in terms of its
Ill
elemental composition.
Alzheimer’s Disease, a distressing form of presenile
0
dementia, is considered i£ chapter four. It has been 
suggested that the condition is linked to possible 
toxicity from aluminium in the environment. To 
investigate the possibility of a general mineral imbalance 
existing in victims of the disease, levels of some twenty 
elements in a range of body fluids and brain tissue from 
post-mortem samples of such cases have been determined and 
compared to the levels in similar specimens from a control 
group.
IV
'Whosoever was the father of disease, 
an ill diet was the mother.1
George Herbert (1660)
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CHAPTER ONE
1.1 The Geochemical Environment
1.1.1 Introduction
"The trace elements are more important to life 
than the vitamins, (because) they cannot be 
synthesised, as can the vitamins, but must be 
present in the environment within a relatively
narrow range of concentration ...  Their only
sources are the earth's crust and sea water, 
and without them, life would cease to exist."
Schroeder (1965)
To appreciate the importance of the above statement in 
relation to human health, it is necessary to first 
consider the minerals important to life as a component of 
the geochemical environment.
Geochemistry, in the broadest sense, is concerned with 
understanding the distribution of elements and their 
isotopes in the atmosphere, hydrosphere, crust, mantle and 
core of the earth (Plant, 1983). A direct relationship 
between geochemistry and human health is certainly 
possible, since many of the elements found in the earth's 
crust have been found to be essential to biochemical and 
physiological function. All plants and animals, including 
man, depend ultimately on the soil for their supply of 
mineral nutrients (Underwood, 1977) which is in turn 
determined by the underlying rock structure. Thus, the 
local environment can be seen to influence the appearance 
of naturally occurring mineral toxicity or deficiency 
syndromes. Ways by which mineral elements enter the food 
chain and several naturally occurring diseases related to
2
mineral imbalance are described below.
1.1.2 Mineral Elements in the Food Chain
Two factors may be identified which govern the 
availability and effectiveness of mineral elements:—
i) the chance that they will be present in the soil
ii) the degree to which they are absorbed by growing 
herbage and become available in food (Taylor, 1978).
It has been suspected (Schroeder, 1976) that elemental 
variations in soil might be reflected in food crops, and 
in this sense, the local soil type can be regarded as the 
available source of nutrients. Figure 1.1 illustrates the 
various ways in which minerals may reach man through the 
extended food web. Such a network is described by 
Kovalsky (1970) as the 'biogeochemical nutritional chain'.
chemical elements 
in parent rocks
chemical 
elements 
in soil
chemical 
elements 
in air
11 plants
animals
chemical 
elements 
in water
food & feed 
of plant origin
X
human & animal 
organisms
/
food & feed 
of animal origin
(intermediary links)
Figure 1.1 : The Biogeochemical Nutritional Chain of
Mineral Elements in Foodstuffs and Man. 
Source : Kovalsky (1970)
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For plants, this series of events is relatively direct 
since they are dependent upon a confined area for their 
nutrition. The character and quality of a plant in a 
particular area are therefore influenced by the mineral 
content of the soil in that locality. Similarly, the 
prevalence of a plant in a certain area can be indicative 
of local soil conditions (Taylor, 1978). Grazing animals 
however, may derive their mineral supply from a variety of 
soil types and plant species. Most deficiencies or 
excesses in local supplies would thus tend to be minimised 
or eliminated. Problems began to occur when man started 
to rear animals in restricted areas where they became 
dependent on a single soil type. The fact that animals 
did not thrive in certain areas was first recognised in 
Europe as early as the 18th century. It was simply by 
observation that several major mineral based diseases in 
livestock were originally identified (Underwood, 1977) . 
Failure of plants to thrive in certain areas makes it 
difficult for the farmer to graze his animals in the 
locality. The opposite situation, however, is potentially 
more dangerous. When plants grow in areas of very high 
concentration of a mineral they tend to either prevent the 
toxin from entering their tissues or convert it once 
inside to a less harmful complex. Such mechanisms are 
known as exclusion and tolerance respectively. In extreme 
forms of tolerance, plants are able to accumulate 
exceptionally high levels of minerals and are known as
4
hyperaccumulator plants (Baker, 1988). When such crops 
are fed to livestock, disastrous consequences may follow. 
Examples of such accumulations are described below.
1.1.3 Diseases of Mineral Imbalance
The natural occurrence of deficiency or intoxication by 
mineral elements in animals and man is ultimately
dependent upon the local food and water supply of mineral 
nutrients. Such conditions are relatively easy to 
diagnose and correct in farm animals by analysis of soil, 
plant and fodder supplies. Imbalances in man are usually 
milder, more restricted and more difficult to diagnose and 
trace to their natural source due to a slower rate of 
growth and unrestricted eating habits (Goodhart, 1980). As 
described in section 1.6.4, complex mineral interactions 
may also complicate and obscure the basic problem
requiring attention.
There are few examples of proven direct causal
relationships between man's health and his immediate 
geochemical environment, for the reasons outlined above. 
It is believed by geochemists that further associations 
between environment and health will eventually be
conclusively demonstrated.
Cobalt Deficiency in Animals
The discovery that cobalt can be deficient in soils was 
made in 1934, following detailed analysis of pasture in
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various parts of the world where cattle and sheep were 
observed to suffer serious, sometimes fatal, disorders. It 
was eventually shown that livestock could be successfully 
raised on formerly 'unhealthy' pastures if cobalt 
supplements were introduced through salt licks, water or 
top dressings to the herbage (Young, 1979}. 
Alternatively, cobalt-containing pellets or granules may 
be given directly to the animal.
Selenium Toxicity in Animals
Poisoning by selenium can occur when grazing animals 
consume selenium-accumulator plants in any great quantity. 
The poisoning may arise in two forms. Acute poisoning may 
occur when animals are driven to feed solely on plants 
with high selenium content due to lack of other forage. 
Animals usually avoid such plants because they do not have 
a good taste. 'Blind staggers' is a form of chronic 
selenium poisoning which may result from the consumption 
of accumulator plants in small amounts over a prolonged 
period of time, so-called because in the early stages of 
the disease, cattle have impaired vision and weak legs 
causing them to stumble. 'Blind staggers' is still 
encountered in Wyoming and may prove fatal if untreated 
(Frieden, 1984). A useful review of other soil-related 
nutritional disorders was made by Kubota (1987).
As mentioned earlier, there are few proven direct causal 
relationships between man's health and the elements in his
6
immediate environment, indeed, only four such examples 
exist as described below.
Iodine
The inter-relationships of soil and water, the human food 
chain and human illness illustrate dramatically the story 
of iodine as an essential trace element, and its 
deficiencies, excesses and modifications of the situation 
by man's intervention (Crounse, 1983). Of the 15-20mg of 
iodine in the human body, 70-80% is concentrated in the 
thyroid gland where its primary use is in the production 
of thyroid hormones. If the functioning of the thyroid 
system is disturbed, enlargement of the thyroid gland can 
occur, resulting in the condition known as goitre. Such a 
case is shown in Figure 1.2.
Iodine-rich seaweeds and sponges have been known to 
prevent or relieve the symptoms of goitre since ancient 
times, though iodine was not then a known substance. The 
credit for the discovery of iodine's medicinal properties 
is given to Chatin, who considered the problem in the 
1800's (see section 1.3). It was around this time that 
drinking water low in iodine was proposed as the cause of 
"endemic goitre" (i.e. affecting large numbers of people 
in a localised area) and efforts were made to measure 
iodine in air, water and soil from different regions. It 
is now known that iodide concentrations in water, soil, 
plant and animal tissues are indeed lower in endemic
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goitre areas compared to areas with minimal incidence of 
goitre. These ’pockets' of goitre can be dramatically 
reduced when iodine salts are used to supplement the 
natural supply in the form of iodised table salt or 
through the use of fertilisers derived from fish or 
seaweed.
"The whole story (of iodine deficiency) is 
probably as neat an example of geochemical 
influence on human health as can be provided."
Crounse (1983)
Fluorine
Excess intake of fluorine can result in fluorosis in
humans, an early sign being the mottled staining of teeth 
as illustrated in Figure 1.3. However, it has also been 
found that less tooth decay occurs when levels greater 
than lpg.mLr1 (l.Oppm) of fluoride are found in the
drinking water. Thus, the question of supplementing local 
water supplies with fluoride is controversial. In some
parts of India and South Africa concentrations of up to
40jjg.mL-1 fluoride have been measured in the local water 
supply which is often derived from deep or artesian well 
sources (Underwood, 1977). In such areas, fluorosis can 
lead to osteoporosis, tendinous calcification and 
crippling deformities. Table 1.1 illustrates the close 
relationship between the amount of fluorine in drinking 
water and resulting health effects.
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Figure 1.2 : Goitre Due to Iodine Deficieny 
Source : Reproduced from McLaren (1981)
with permission from Wolfe Medical 
Publications Limited, London
9
Figure 1.3 : Mottled Staining of the Teeth 
in Fluorosis 
Source : Reproduced from McLaren (1981)
with permission from Wolfe Medical 
Publications Limited, London
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Fluoride in 
Drinking Water 
(Mg.ml-1)
Cavities & 
tooth loss
Signs of 
fluorosis
0 Many None
1 Few None
2 Few Very mild mottling 
of teeth
4 Few Mild mottling of 
teeth
8 None Moderate mottling 
& early signs of 
systematic calcif- 
-cation
>16 None Severe mottling & 
crippling skeletal 
deformities
Table 1.1 : Fluorine in Drinking Water and Health Effects 
Source : Crounse (1983)
The problem of achieving the correct balance of fluoride 
intake thus becomes apparent. Work is continuing in many 
areas on how best to achieve and maintain the Ipg.mL-1 
level.
Selenium
Selenium has undergone a complete role reversal during the 
last half century from being considered a highly toxic 
mineral to its place today on the essential element list
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(see section 1.4). Selenium concentrations in the body are 
directly related to dietary intake and both deficiencies 
and excesses can result from low and high selenium intakes 
in man as well as in animals. These deficiencies and 
excesses appear to relate directly to the concentrations 
of selenium in soil, since the amount of selenium in water 
is very low and plays little or no role in health except 
when water is used to irrigate food-producing soils 
(Crounse, 1983). Although ’blind staggers' in cattle was 
found to be related to selenium intake some time ago, 
direct effects of selenium upon man were until recently 
believed to be of a minor nature (gastrointestinal upsets 
etc.) It was not until the 1960's that selenium 
deficiency was suspected to be the cause of Keshan 
disease, an endemic cardiomyopathy occurring in the area 
of Keshan in the north-east of China, first identified in 
1935. Clinical signs of this often fatal disease range 
from acute heart failure and pulmonary oedema through to 
mild cardiac enlargement. Residents long suspected some 
geochemical factor to the disease since it occurred in 
very localised pockets where 'safety islands’ were 
surrounded by endemic areas (Chen, 1980). Figure 1.4 
illustrates the distribution of these pockets of disease. 
Large scale studies of selenium levels in the local food 
supply and in the hair, blood and urine of residents in 
endemic and non-endemic areas showed significantly lower 
concentrations of selenium to be present in the samples
12
SOVIET UNION Keshan
MONGOLIA
Jilin
KORi
Peking**
Shanxi
Shandong
Hubei
TIBET
CHINAINDIA
Yunnan
Hong Kong
*  BURMA
LAO!
THAILAND
Shading indicates areas of high occurrence of disease
Figure 1.4 : Approximate Distribution of Keshan 
Disease in China.
Source : Crounse (1983)
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from the endemic areas. Conclusive proof that selenium 
deficiency is a major factor in Keshan disease came 
following Chen's work in the early 1970's in which 
selenium supplements were given to some 11,000 children in 
the affected areas; a further 9,500 children received 
a placebo. In the former group, only 17 children became 
ill and one died; in the latter group, 106 children 
developed Keshan disease and 53 died (Chen, 1980). Chen 
then conducted selenium treatment programmes involving 
over 500,000 subjects and obtained similarly successful 
results, leading to the conclusion that selenium 
supplementation can prevent Keshan disease i.e. is 
protective against it (Crounse, 1983).
Further detail about selenium nutrition and Keshan disease 
is provided by Casey (1988) and Yang (1988) respectively.
Arsenic
Bechet (1930) described arsenic as "both a destroyer and 
saviour of mankind". The use of the element as a poison 
in detective stories is well known yet it has recently 
been shown that arsenic is an essential element (see 
section 1.3). It was suspected for some time that chronic 
exposure to arsenic in drinking water was related to the 
incidence of skin cancer and keratotic lesions on the 
hands and feet. This association was effectively 
demonstrated in 1965 (Fierz, 1965).
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The examples given here are of conditions shown to have a 
geochemical basis? many other conditions are open to much 
speculation from a geochemical viewpoint. Dietary 
deficiencies of the macroelements (calcium, sodium, 
potassium, phosphorus, sulphur and magnesium) are unlikely 
to occur in the absence of some underlying disease or lack 
of some closely associated nutrient (e.g. vitamin D 
required for calcium absorption). As far as the trace and 
'ultratrace' elements are concerned, there is little real 
evidence to date to suggest any single one as the cause 
of new widespread deficiency or toxicity syndromes, 
although several hypotheses have been presented. Further 
discussion of this topic is beyond the scope of this work. 
A useful review was made by Crounse (1983).
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1.2 The Periodic Table
1.2.1 Introduction
Although controversy persists on the definitive list of 
essential elements, it is now generally agreed that 
evolution selected certain elements as the building blocks 
of life according to the order exhibited in the periodic 
table. When the elements now known to be essential to 
life are highlighted on the periodic table, it soon 
becomes apparent that gaps exist within certain groups and 
periods (Figure 1.5). Chemists and biologists have long 
been attempting to fill in these gaps.
1.2.2 The Background of Selection
A close relationship appears to exist between the 
abundance of an element in the sea and the earth's crust 
and the requirement for that element in biological systems 
(Frieden, 1972). Ninety-eight percent of the atoms in the 
earth's crust are accounted for by only eight elements 
oxygen, silicon, aluminium, iron, calcium, sodium, 
potassium and magnesium. Table 1.2 compares the 
percentage composition of the human body to that of 
sea water and the earth's crust. Of the eight elements 
composing the majority of the earth's crust, only five are 
included in the eleven elements accounting for more 99.9% 
of the human body. It is interesting to note that nine of 
the eleven are also the nine most abundant in sea water.
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Periodic Table.
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Earth's Crust Sea Water Human Body
0 47 H 66 H 63
Si 28 0 33 0 25.5
A1 7.9 Cl 0.33 C 9.5
Fe 4.5 Na 0.28 N 1.4
Ca 3.5 Mg 0.033 Ca 0.31
Na 2.5 S 0.017 P 0.22
K 2.5 Ca 0.006 Cl 0.03
Mg 2.2 K 0.006 K 0.06
Ti 0.46 C 0.0014 S 0.05
H 0.22 Br 0.0005 Na 0.03
C 0.19 Mg 0.01
others <0.1 others <0.1 others <0.01
Table 1.2 : Element Selection in Evolution.
(Values expressed as percent of total 
number of atoms.)
Source : Adapted from Frieden (1972)
Of the 90 naturally occurring elements in the periodic 
system, only 52 are potentially useful in biological 
systems (Frieden, 1972). The lanthanides (La through to 
Lu) and the actinides (Ac through to Lw) can be precluded 
on the basis of being too radioactive and toxic to serve a 
useful part in any biochemical system. Neither the 
lanthanides nor the actinides normally occur in plant or
18
animal tissues. Technetium (Tc) and promethium (Pm), two 
synthetic elements, can be excluded as they were never 
available in nature. The inert gases, helium, neon, 
argon, krypton, xenon and radon are unlikely to be found 
ever to play a biological role. The role of the remaining 
52 elements in biological systems remains open to much 
debate (see section 1.4 on classification of the 
elements).
1.2.3 Essentiality versus Toxicity
In 1972 Frieden claimed that only three of the 24 elements 
then known to be essential for animal life had an atomic 
number above 34. All three were trace elements;
molybdenum, tin and iodine. By 1983 (Crounse, 1983) this 
upper mass delimiter had been raised to 53 to include,
without question, molybdenum, tin and iodine. In his 1988
summary, Horovitz suggested this should be raised yet
again to include lead (atomic number 82) as an essential 
element. The foundations for doing so are still not firm 
as most researchers are more concerned about the well
documented toxicity aspects of certain lead compounds.
Schroeder (1976) has observed a tendency for toxic,
cumulative elements to be generally confined to the right 
hand side of the periodic table, referring especially to 
mercury and lead. He warns of the particular concerns 
when a metal or its salts are changed to unnatural, 
synthetic forms, such as methyl mercury, a potentially
19
fatal toxin if allowed to enter the food chain.
If progress concerning the role of elements in biological 
systems continues to be made at the rate of the last ten 
to fifteen years, it should not be too long before the 
remaining gaps on the periodic system are filled.
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1.3 The Discovery of the Essential Minerals
1.3.1 Introduction
It is generally agreed that some thirty elements of the 
periodic system are essential for some or all animals 
(Horovitz, 1988). With rudimentary methods, early 
chemists were able to establish the existence of an 
inorganic component of the human body, although 
quantification was not possible. In the second half of 
the twentieth century, there has been a dramatic increase 
in the discovery of essential minerals, with new elements 
being added to the list at the rate of about five per 
decade for the last thirty years (Horovitz, 1988).
1.3.2 The Origins of Mineral Element Research
Biological mineral element research could be said to have 
begun in the latter part of the seventeenth century when 
the importance of iron supplementation in the treatment of 
anaemia was first observed. The widespread problem of 
iodine deficiency (see section 1.1), was first reported 
by Chatin in about 1850 (Brown, 1977). Despite being very 
important findings, these discoveries were made rather by 
accident than by systematic research and little work was 
conducted in this area until the early twentieth century. 
Interestingly, more effort was directed in the late 
nineteenth century in the area of plant mineral research 
than in human studies, following the work of Raulin who 
demonstrated the essentiality of zinc for the growth of
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the mould Aspergillus niger in 1869 (Frieden, 1984).
1.3.3 Klaus Schwarz - Pioneer of Trace Element Research
At the start of this century, iron and iodine remained the 
only two trace elements believed to be essential for man 
and animals, although plant physiologists and 
bacteriologists had recognised for some time the role of 
many minerals in species other than man.
The history of trace element research in the twentieth
century can be divided into two periods:- the 'classic' 
period from 1925 to 1956 and the 'modern' period from 1957 
to the present day (Frieden, 1984).
During the first period, discoveries were still being made 
largely by accident or in response to localised outbreaks 
of disease in farm animals rather than through planned 
research. One of the main factors holding workers back 
was the lack of sufficiently sensitive and precise 
analytical instrumentation. As the means to perform 
specific analyses has improved, so has the quality and 
extent of analytical data.
The main discoveries of essentiality during the classic 
period were copper, manganese, zinc, cobalt and 
molybdenum. Table 1.3 summarises these findings, together
with the researchers credited with the work.
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Element Year of 
Discovery
Main Workers
Copper 
(Cu 29)
1928 aBodansky,1921; aMcHarge, 
1925 & 1926; abHart et al, 
1928; aJosephs, 1931.
Manganese 
(Mn 25)
1931 abKemmerer & Todd, 1931; 
abUnderwood & Filmer, 1935.
Zinc 
(Zn 30)
1934 abTodd et al, 1934.
Cobalt 
(Co 27)
1935 abUnderwood & Filmer, 1935; 
bMarston, 1935; 
bLines,1935.
Molybdenum 
(Mo 42)
1953 aBray et al, 1955; 
bde Renzo et al, 1953.
Table 1.3 : Trace Element Discoveries from 1925 to 1956. 
Source : Compiled from references in aFrieden (1984) 
and bBrown (1977).
The modern period of biological mineral element research 
can be said to have begun in 1957 when Klaus Schwarz 
published his findings on the nutritional essentiality of 
selenium. The method by which Schwarz made his discovery 
was to establish the basis for systematic trace element 
research, the principles of which are followed today. 
Table 1.4 lists the elements which have been added to the 
essential list since 1957; the contribution to this area
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of knowledge by Schwarz and his colleagues is evident.
Element Year of 
Discovery
Main Workers
Selenium 
(Se 34)
1957 abSchwarz & Foltz, 1957.
Chromium 
(Cr 24)
1959 abSchwarz & Mertz, 1959.
Tin 
(Sn 50)
1970 abSchwarz et al, 1970.
Vanadium 
(V 23)
1971 abSchwarz & Milne, 1971.
Fluorine 
(F 9)
1972 aSchwarz & Milne, 1972a.
Silicon 
(Si 14)
1972 aSchwarz & Milne, 1972b 
abCarlisle, 1972.
Nickel 
(Ni 28)
1974 abNielsen & Ollerich, 1974; 
abAnke et al, 1974; 
abSchnegg & Kirchgessner, 
1975.
Arsenic 
(As 33)
1975 aNielsen et al, 1975; 
aAnke et al, 1976; 
aSchwarz, 1977.
Table 1.4 : Trace Element Discoveries from 1957 to 1975. 
Source : Compiled from references in aFrieden (1984) 
and bBrown (1977).
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Until his death in 1978, Schwarz headed several research 
teams in America based at National Institutes of Health 
and ultimately at the Veterans Administration Hospital in 
Long Beach, California. It was during some forty years 
work that Schwarz conducted meticulous experiments to add 
some seven elements to the list of essential nutrients and 
to instigate a unique method of biological trace element 
research. He worked mainly with rats which had been 
raised from birth in a completely sterile environment. 
During his work on chromium essentiality in the late 
1950's, Schwarz concluded that for such work to progress 
effectively, only diets of known composition could be 
given to his subjects. Consequently, he developed a range 
of semi-synthetic or synthetic amino acid diets of known 
trace element content. The experimental animals were 
housed in plastic isolator units supplied with filtered 
air and purified water. Figure 1.6 shows Schwarz’s 
apparatus in his laboratory at the Veterans Administration 
Hospital in Long Beach, California. Enclosed within such a 
system from a very early age, the animals only access to 
essential and potentially toxic nutrients is through the 
administered diet. Schwarz was thus able to
systematically exclude a given element from the diet and 
compare the effects of doing so against animals fed a 
regular diet. Isolator systems following Schwarz's design 
are used by laboratories today in the identification of 
further essential elements.
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Figure 1.6 : Isolator units for experimental rats in 
Schwarz's laboratory at the Veterans1 
Administration Hospital in Long Beach, 
California.
Source : Brown (1977)
1.3.4 'New' Trace Elements
Since Schwarz's death there has been an increasing number 
of workers from various disciplines pursuing work on trace 
elements. Some of the studies initiated by Schwarz have 
been completed by other workers and a further five 
elements have been added to the list of essential and 
potentially essential nutrients. The currently accepted 
status of these elements is shown in Table 1.5.
The number of trace elements considered to be essential to 
animal life has more than doubled in the past thirty 
years. Figure 1.7 shows the elements now widely accepted 
as essential, although conclusive evidence is still 
required for some elements.
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Element Current
Opinion
References
Lithium 
(Li 3)
Essentiality virtually 
certain. Lithium 
supplementation results 
in some improvement in 
manic depressives.
Anke et al, 1981
Rubidium 
(Rb 37)
No deficiency syndrome 
confirmed to date but 
found throughout human 
body.
Lombeck et al, 
1980.
Cadmium 
(Cd 48)
No definite confirm­
a t i o n  to date of 
essentiality, though 
generally agreed 
possible.
Schwarz & 
Spallholz, 1976; 
Anke et al, 1978.
Lead 
(Pb 82)
Essentiality appears to 
have been established 
although knowledge of 
specific functions is 
lacking.
Devigne, 1968; 
Schwarz, 1974.
Boron 
(B 5)
Essentiality for 
certain plant species 
demonstrated as early 
as 1923. Used thera­
peutically in cancer 
therapy. No proof of 
essentiality in humans 
to date.
Warrington, 1923; 
Kliegal, 1972.
Table 1.5 : Potential 'New' Trace Elements - Current 
Positions.
Source : Compiled from references in Frieden (1984).
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Figure 1.7
Source
Elements now widely accepted as essential 
Note:- For certain elements, conclusive 
proof of essentiality is still required. 
Horovitz (1988)
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1.4 Classifying the Elements in Nutrition
1.4.1 Introduction
At a meeting of the World Health Organisation (WHO) Expert
Committee on Trace Elements in Human Nutrition in 1973,
the then Assistant Director-General of WHO, Dr. L Bernard,
warned against attempting stringent classification of the
elements
"Classification of the trace elements 
can be inaccurate and misleading"
WHO (1973)
It is, however, generally thought that some form of 
classification is helpful and there have been numerous 
attempts to develop a definitive scheme. Before any 
division of activity can be made, it is first necessary to 
define what is meant by the essentiality of an element.
1.4.2 Definitions of Essentiality
The absolute proof that an element is essential to man is 
when total deprivation of that element results in death of 
the subject. If this most rigid definition were to be
exclusively observed, then no element has yet been proved 
to be essential to man (Schroeder, 1976) . Such a 
definition of essentiality is obviously inappropriate, 
particularly when applied to the human population.
Although naturally occurring deficiencies of minerals have 
proved fatal from time to time, it is unethical to
reproduce such conditions experimentally.
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Some twenty years ago Cotzias (1967) suggested the 
following criteria to define essentiality:-
i) the element is present in all healthy tissues of all 
organisms
ii) its concentration in these is relatively constant
iii) withdrawal produces similar structural and 
physiological abnormalities in different species, which 
are prevented or reversed by addition of the element.
These requirements can be compared to those suggested by 
Frieden (1984):-
i) an element is considered essential when a deficient 
intake produces an impairment of function and when 
restoration of physiological levels of that element 
prevents or relieves the deficiency
ii) the organism can neither grow nor complete its life 
cycle without the element in question
iii) the element should have a direct influence on the 
organism and be involved in its metabolism
iv) the effect of the essential element cannot be wholly 
replaced by any other element.
These criteria can be considered an extension of those put 
forward previously by Cotzias. The main difference is the 
recognition of the specificity of each element, detailed 
in iv) by Frieden. A refinement to the concept of 
essentiality was made by Mertz (1981) which, 
interestingly, was absent from Frieden's criteria of 1984. 
Mertz remarked 'essentiality is generally acknowledged
31
when it has been demonstrated by more than one independent 
investigator...1. Many other authors have described the 
same basic criteria for essentiality (Tietz, 1987; 
Horovitz, 1988) which are now generally accepted. It is 
interesting to note that, despite active involvement in 
human trace element research, no attempt has been made to 
date by the World Health Organisation to set down
definitive criteria defining essentiality. This
deficiency perhaps reflects the still rather patchy nature 
of trace element metabolism knowledge. Information about 
the essentiality of minerals has arisen in two ways
(Goodhart, 1980)
i) laboratory based studies using animals fed on highly
purified diets with known amounts of the element under
investigation (pioneered by Klaus Schwarz - see section 
1.3.3)
ii) applied studies of a number of naturally occurring 
endemic diseases of man or animals that have been found to 
be due to deficiency or excess of one or more trace 
elements
Before the advent of systematic trace element research, 
the appearance of certain lesions or abnormalities in an 
animal was used to distinguish the restricting factors in 
nutrition-based diseases. It is important to recognise 
that not all trace element disorders produce 
characteristic clinical signs, at least not in the short 
term. Symptomatology can vary according to timing,
32
severity and duration of the deprivation, on the nature of 
the element and its relation to other constituents of the 
diet. Without the type of exclusion work performed 
originally by Schwarz, the essentiality of some elements, 
particularly the so-called 'ultratrace1 elements, would 
probably never have come to light. The importance of the 
advances made in recent years in analytical techniques has 
made it possible to determine with accuracy and precision 
the levels of ultratrace elements, formerly regarded as 
'trace' elements, in body tissues and dietary materials. 
The connection between the number of elements proved to be 
essential over the last thirty years (see section 1.3.3) 
and the corresponding advances in analytical 
instrumentation is thus apparent.
As mentioned above, numerous authors have attempted to 
establish criteria for essentiality of elements, yet 
surprisingly few have chosen to examine the reverse 
position i.e. criteria to prove an element is inessential 
to biological systems. One of the few authors to do so in 
recent years was Horovitz (1988). A suggested definition 
of inessentiality is that the element's presence is 
incompatible with the chemical systems supporting life, or 
that it is rejected by biological systems. It is 
suggested (Liebscher, 1968) that a means of identifying an 
element as inessential may be equally as valid as proving 
its essentiality. Liebscher distinguishes between 
essential and nonessential elements as follows; the
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essential elements are regulated by certain metabolic 
processes to a particular equilibrium in organisms, 
whereas the inessential elements are not regulated and may 
simply be stored in ever-increasing amounts in certain 
tissues. It is interesting to note that some of the 
elements previously considered toxic have now been shown 
to be essential. For example, arsenic has long been 
considered the 'king of poisons' (Frieden, 1984} due to 
the lethality of some scentless and tasteless arsenical 
compounds. The first real evidence concerning the 
essentiality of arsenic for various laboratory animals 
came from two laboratories in 1975-1976 (Frieden, 1984). 
The element is now generally accepted as essential to 
humans, although the precise biological function of the 
element remains as yet undetermined. Such a case
illustrates the fact that toxicity arising from ingestion
of large amounts of an element does not necessarily 
preclude its biological essentiality at minimal levels of 
ingestion (Schwarz, 1977).
Another element which has undergone a complete role
reversal in recent years is selenium. Figure 1.8 
illustrates the changing image of selenium.
The element is currently being advocated by mineral 
supplement manufacturers as being of positive health 
benefit to cancer patients, although the research
underlying such claims remains to be verified.
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Such findings in comparatively recent years suggest that 
additional elements previously regarded as toxic could be 
shown to be essential through continued research efforts 
and the list of elements now accepted as essential should 
not be considered final (Mertz, 1981).
1.4.3. Major, Minor or Trace ?
Besides dividing elements according to their essentiality 
or otherwise, there has long been the tradition of 
classifying the elements by the extent to which they occur 
in the body. Just as there are discrepancies over the 
definition of essentiality, so confusion surrounds the 
classification of elements into major, minor, trace or any 
variety of other terms currently in use. Many workers 
have chosen to classify elements by the amounts in which 
they occur in the body and in the diet. Frieden (1984) 
divides a total list of 29 elements into two major groups: 
bulk elements and trace elements. He further splits the 
second group to distinguish ultratrace elements (as 
illustrated in Figure 1.5 earlier). Within the eleven 
bulk elements, Frieden distinguishes the six basic 
structural elements - hydrogen, carbon, nitrogen, oxygen, 
phosphorus and sulphur - and the five 'macrominerals' - 
sodium, potassium, magnesium, calcium and chlorine (as 
chloride ion). The macrominerals are required in gram 
amounts in the diet. The trace elements (iron, zinc and 
copper) are required in milligram amounts and the
36
ultratrace elements in less than milligram amounts.
It is appropriate at this point to examine the use of the 
term 'trace' element. The term unfortunately suggests 
that this group of elements are not particularly important 
in nutrition. In reality, nothing could be further from 
the truth. The vital actions of these elements in the 
body has been likened to that of the vitamins which were 
at first thought to be required in too small an amount to 
play a significant biological role. The term trace was 
originally applied to elements which could not be 
quantified with available analytical instrumentation, 
although the presence of the element in foods and tissues 
could be demonstrated (Underwood, 1977). Despite numerous 
suggestions for other terms to replace 'trace' element, 
the majority of workers still use the term, although the 
significance of the elements in nutrition is more fully 
recognised today.
Horovitz (1988) lists a number of terms used in recent 
papers to rename this group of elements, these include: 
biogenic or biotic element, necessary trace element, trace 
inorganic, noncritical element, stimulatory metal, 
micronutrient or microelement, secondary element, 
accessory or guest element. Despite the variety 
suggested, none has found particular favour with workers 
to date, and 'trace' element continues to be the preferred 
term, as shown in the classifications of other authors
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described below.
As recently as 1987, basically similar classifications of 
the elements were being employed. Tietz (1987) offers the 
following explanation:
"Major elements in biological tissues are 
those that are present in mg/g amounts, 
whereas trace element concentrations are 
those present in pg/g or smaller amounts. 
Correspondingly, human intake requirements 
for major elements are expressed in grams 
per day, whereas intakes of trace elements 
are in mg or pg/d. Improved sensitivities 
of analytical methods have allowed the 
study of ultratrace elements, those present 
in ng/g amounts or less."
Tietz (1987)
Several other authors (e.g. Mertz, 1981; WHO 1973) suggest 
similar divisions to those of Tietz, and although not 
rigidly adhered to universally, such a system (albeit with 
criticism as described above) appears to have been 
generally adopted. Perhaps future research will uncover 
information hereto unknown to further clarify the question 
of classifying the elements, if indeed such a scheme is at 
all appropriate.
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1.5 Intake of Minerals
1.5.1 Exposure to Mineral Elements
Two main problems faced Klaus Schwarz when he began his 
systematic research on trace element essentiality in 
animals. Firstly, how to construct a completely trace 
element free environment for the experimental animals and 
secondly the need to provide 'pure' protein foods to which 
specific quantities of the element under investigation 
could be added. The way in which Schwarz overcame these 
problems was described in section 1.3.3. Such stringent 
conditions are obviously inappropriate for human research, 
making the determination of human trace element 
requirements extremely complex. One way to examine the 
utilisation of minerals in the body is to perform balance 
studies on groups of volunteers (Greger, 1983 a & b) . 
However, even when a known amount of an element is 
introduced through the diet, no control of intake through 
environmental sources can be made. Elements may enter the 
body in a variety of ways, as illustrated in Figure 1.9. 
The route of primary concern for the purposes of this 
study is through the diet.
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1.5.2 Dietary Sources of Mineral Elements
In the 1973 WHO Trace Elements in Human Nutrition report 
(WHO,1973), the following view was expressed concerning 
the data on trace element content of foods
"Knowledge of the trace element content of 
food is at present unsatisfactory. The 
existing compilations of data have only 
limited use, owing to the following 
factors: the inaccuracies inherent in the 
older analytical methods; non-compara- 
-bility between series of studies due to 
differences in sampling techniques and 
analytical methods; the frequent absence 
of precise identification of species or 
variety as well as origin of the foodstuff 
and the absence of information pertaining 
to processing and preparation."
WHO (1973)
In the 1985 edition of McCance and Widdowson's 'The 
Composition of Foods' (Paul, 1985), many of the 
recommendations made by the WHO were considered in the 
compilation of the tables. Listed in Table 1.6 are the 
details considered in the evaluation of compositional 
data.
Despite the improvements which have been made in the area 
of food composition analysis, there remains a severe lack 
of data on the detailed composition of food, particularly 
with respect to mineral elements. The study described in 
chapter three of this work examines the detailed mineral 
composition of pasteurised milk, in accordance with the 
guidelines shown in Table 1.6.
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Name of food Common name, with local synonyms. 
Systematic name with variety where 
known.
Origin Plants: locality, with details of 
soil conditions & fertiliser 
treatments.
Animals: locality & method of 
husbandry & slaughter (if applicable)
Sampling Place & time of collection? number 
of samples; how obtained. Nature 
of sample (e.g. raw, prepared, deep 
frozen, prepacked etc.)
Treatment of 
samples before 
analysis
Conditions & length of storage. 
Preparative treatment, including 
details of material discarded as 
waste. Method of cooking (where 
applicable.)
Analysis Details of material analysed. 
Method used, with appropriate 
references and details of any 
modifications.
Method of 
expression of 
results
Statistical treatment of analytical 
values. Whether expressed on an 
'as purchased', 'edible matter' or 
'dry matter' etc. basis.
Table 1.6 : Details Considered in the Evaluation of 
Compositional Data on Food.
Source : Paul (1985)
Consultation of food tables, particularly the new 
computerised databases, is a convenient method for the 
nutritionist or dietitian to select foods with a 
particular mineral composition to supplement a diet 
lacking that element. Table 1.7 summarises the most
useful dietary sources of the essential elements.
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Element Richest Food Sources
Arsenic Fish
Calcium Milk, cheese, vegetables, legumes
Chlorine Common salt
Chromium Fats, vegetable oils, meats
Cobalt Organ & muscle meats, milk
Copper Meats, oysters, nuts, dried legumes
Fluorine Drinking water, tea, seafood
Iodine Fish, dairy produce, vegetables
Iron Meats, eggs, legumes, grains
Magnesium Whole grains, green leaf vegetables
Manganese Widely distributed in foods, nuts
Molybdenum Legumes, cereals, organ meats
Nickel Widely distributed in foods
Phosphorus Milk, cheese, meat, poultry, grains
Potassium Meat, milk, many fruits
Silicon Widely distributed in foods
Selenium Seafood, meat & grains
Sodium Common salt
Tin Widely distributed in foods
Zinc Seafood, meat, grains, eggs, legumes
Table 1.7 : Dietary Sources of Minerals
Source : Scrimshaw (1976) & Nestec (1987)
N.B. Further details of sources are given in Appendix 1.
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1.5.3 Basis of Recommended Daily Allowances for Minerals
Tables giving recommended dietary intakes (RDI) or 
allowances (RDA) have now been prepared in most of the 
larger countries. The terms RDI and RDA are not 
distinguishable (Davidson, 1983). In the U.K., RDA is 
usually taken to mean Recommended Daily Amount and in the 
U.S.A. to mean Recommended Dietary Allowance. Just as 
with the attempts to define the essentiality of a mineral 
element (see section 1.4.2), so there is no universally 
agreed definition of an RDA. A useful description was 
given by the USA National Academy of Sciences in 1980. 
Recommended Dietary Allowances are:-
"goals at which to aim in providing the
nutritional needs of groups of people".
Food and Nutrition Board (1980)
The RDA for protein, energy and the important vitamins are 
quite firmly established in most countries. Few of the 
essential minerals are included in the U.K. RDA tables; to 
date only values for calcium and iron are quoted. The USA 
have recently suggested recommended intakes for a wide 
range of elements (shown in Table 1.8). Whilst such 
progression is to be welcomed, it is important to bear in 
mind that for many of the elements for which values are 
quoted, data currently available is by no means considered 
conclusive. Constant revision in the light of new research 
findings must obviously be incorporated into the tables.
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Element/unit RDA - U.S.A. RDA - U.K.
Calcium mg 800 500
Iron mg 10 10
Phosphorus mg 800 -
Potassium mg 1875-5625 -
Chlorine mg 1700-5100 -
Sodium mg 1100-3300 -
Magnesium mg 350 -
*Fluorine mg 1.5-4 -
Zinc mg 15 -
*Copper mg 2-3 -
* Selenium pg 50-200 -
*Manganese mg 2.5-5 -
Iodine pg 150 -
*Molybdenum mg 0.15-0.5 -
*Chromium mg 50-200 -
Cobalt required as 
vitamin B12
'
- no value given 
* tentatively suggested
Table 1.8 : U.S.A. and U.K. RDA’s for Mineral Elements 
for a Healthy Adult Male 
Source : U.S.A. - Food and Nutrition Board (1980) 
U.K. - MAFF (1985a)
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1.5.4 Mineral Supplementation
Persuasive advertising campaigns in recent years have 
persuaded perfectly healthy people to spend considerable 
sums of money on dietary supplements with the promises of 
dramatic improvements in health and well-being. ’The 
Great Minerals Goldmine’ (Ferriman, 1988) is now big 
business. British consumers now spend more than
£60 million a year on dietary supplements (Ferriman, 1988) 
and much of this expenditure goes on mineral supplements. 
As discussed in section 1.4, there is still much to be 
discovered concerning the body’s requirement for certain 
minerals and the metabolic effects of those shown to be 
essential are by no means clear. Yet the authors of 
popular health books appear to know better than experts in 
the field, if the claims appearing on the covers of
several books available in health food shops are to be 
believed (see Figure 1.10). When so much is still unknown 
about the possible toxic accumulation of certain elements, 
the ethics of such blatant advertising ploys must be
questioned. There is an understandable belief amongst the
general public to assume that if 'some is good' then 'more 
is better' with the likelihood of ingestion of toxic 
amounts of some minerals. It is also becoming increasingly 
easy to purchase supplies of mineral supplements. These 
are now widely available in health food stores, high 
street chemists and by mail order. Receivers of mail order 
catalogues for supplements are subject to even more
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persuasive advertising than the high street shopper. The 
following quotes are taken directly from a selection of 
sales leaflets produced by major mineral supplement 
retailers.
'Zinc lOmg (with minerals) A balanced zinc, which is also 
chelated on a trace mineral basis.'
'Mangamac : The friendly mineral manganese compound.' 
'Tandem IQ (Ideal Quota): Two trials (1985 and 1987) both
illustrated that achievement may be related to diet and 
that low achievers on poor diet may be helped by 
supplements.'
'Pure mineral concentrates' enable you to counteract 
specific deficiencies.'
'We use organic acids like Orotic, Gluconic and Amino 
Acids to 'chelate' the minerals to ensure smoother and 
more efficient assimilation.'
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1•6 Biological Function of Mineral Elements
1.6.1 Introduction
Throughout this chapter, several references have been made 
to the widely held view that there remain many unsolved 
questions on the subject of biological mineral research. 
It is generally agreed that all possible 'major' elements 
have now been identified, although much controversy 
surrounds the role of the so-called 'ultratrace' elements 
(Frieden, 1984). Table 1.9 summarises the knowledge to 
date on the main biological functions of mineral elements
in man; a more detailed description of each element's
role is given in Appendix 1.
1.6.2 Biological Functions of Minerals
The 'major' elements have been shown to have clear roles 
in human biology, for example, calcium and phosphorus are 
the basic constituents of bone structure. The 'trace' and 
'ultratrace' elements do not appear to have such obvious 
tasks in the body, although their presence is equally 
vital to health. Three principal biochemical functions of 
trace elements have been described (Horovitz, 1988) :
i) as metalloenzymes
ii) participation in redox reactions
iii) transport, binding and release of oxygen.
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Table 1.9 : Summary of the Biological Functions of 
Mineral Elements.
Element Functions
Aluminium Can lead to encephalopathy. Associated 
with Alzheimer's Disease.
Arsenic Essentiality not yet proven in humans. 
Trimethlyarsenic causes inhibition of 
various enzyme systems.
Boron Thought to be essential to plants. 
Potential therapeutic use in humans.
Calcium Bone & teeth formation, blood clotting. 
Deficiency may result in stunted growth, 
rickets, osteoporosis. Hypercalcaemia 
not known to occur from dietary sources.
Cadmium Essentiality at ultratrace level 
suspected. In higher doses, known to be 
toxic to virtually every system in the 
animal body.
Chromium Involved in glucose & energy metabolism. 
Deficiency may result in impaired 
ability to metabolise glucose with 
growth problems.
Cobalt Required as a constituent of vitamin B12 
(cyanocobalamin). High exposure may 
lead to dermatitis.
Copper Constituent of enzymes associated with 
iron metabolism. Deficiency through 
diet unlikely. Inability to excrete the 
metal may occur in inherited Wilson's 
disease.
Chlorine Required for maintenance of acid-base 
balance. Deficiency may result in 
muscular cramps & mental apathy.
Fluorine Associated with formation of bone 
structure. Deficiency may result in 
tooth decay? excess causes mottling.
/cont.
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Table 1.9 cont.
Element Functions
Iodine Constituent of thyroid hormones. 
Deficiency may result in goitre.
Iron Constituent of haemoglobin and enzymes 
involved in energy metabolism.
Deficiency may result in anaemia. Excess 
may cause cirrhosis of the liver.
Lead Essentiality at the ultratrace level has 
been demonstrated in animals. Lead 
poisoning is well documented.
Magnesium Activates enzymes in protein synthesis. 
Deficiency results in growth failure & 
behavioural disturbances. Excess can 
cause diarrhoea.
Manganese Constituent of enzymes involved in fat 
synthesis. Human deficiency not 
demonstrated. Toxic exposure can result 
in nervous disorders.
Mercury Not considered essential. Methyl & ethyl 
mercuries are highly toxic, mainly 
affecting nerve & brain tissue.
Molybdenum Constituent of several enzymes. 
Deficiency through diet not observed. 
Excess may inhibit enzyme action.
Nickel Essentiality recently demonstrated. 
Deficiency may result in depressed 
growth. Acute pneumonitis may occur in 
severe toxicity
Phosphorus Essential for bone & tooth formation. 
Deficiency results in bone demineral- 
-isation & general weakness. Excess can 
cause erosion of the jaw.
Potassium Involved in acid-base balance. Deficiency 
results in muscular weakness & paralysis. 
Severe excess may be fatal.
/cont.
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Table 1.9 cont.
Element Functions
Selenium Associated with vitamin E function. 
Deficiency may result in anaemia (rare) 
or endemic cardiomyopathy (China). Excess 
intake may cause gastrointestinal 
disorders & lung irritation.
Silicon Recently shown to be essential. Involved 
in connective tissue formation. Excess 
intake of certain forms can result in 
silicosis.
Sodium Involved in acid-base balance & nerve 
function. A deficiency causes muscular 
cramps & mental apathy. Excess intake 
can cause high blood pressure.
Tin Essentiality suspected in animals. 
Excessive intake of some forms may result 
in gastrointestinal disorders.
Vanadium Essentiality demonstrated in animals. 
Toxicity may arise from industrial 
exposure, mainly affecting the 
respiratory system.
Zinc Constituent of enzymes involved in 
digestion. A deficiency may result in 
growth failure. Toxicity symptoms 
include fever, nausea & gastrointestinal 
upset.
Source: Compiled from references in Frieden (1984),
Scrimshaw (1972) and Davidson (1983).
The construction of proteins, membranes, tissues and 
genetic materials from the ’macroelements’ or 'bulk' 
elements (C,H,N,0,P and S) would not be possible without 
the participation of numerous 'trace' elements (Needham, 
1965).
52
The general characteristics of trace element functions 
have been described by Mertz (1981):
i) Amplification of trace element action
As suggested by the U.S.A. RDA’s outlined in section 1.5.3 
of this work, only very small amounts of some minerals are 
necessary for optimal performance of an organism. Lack of 
even a small amount of a trace element, such as iron, can 
result in a condition seemingly disproportionate to the 
amount of element lacking (in this case, iron-deficiency 
anaemia). The basis for amplification of trace element 
action is that some elements are constituents of 
metalloenzymes or interact with enzymes and hormones which 
in turn regulate the metabolism of much larger amounts of 
biochemical substrates. Known actions of this type are 
summarised in Table 1.10.
ii) Specificity of trace elements
Essential trace elements are specific to their in vivo 
function - they cannot be effectively replaced by 
chemically similar elements. Some elements, such as iron 
and copper, are stable in more than one valence state 
which allows biological redox to occur.
iii) Homoeostasis of trace elements
Absorption, storage and excretion mechanisms constitute a 
homoeostatic regulatory system for trace elements. The 
main route for elimination of trace elements is through 
the faeces, although fluorine, iodine, selenium and
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chromium are effectively excreted through the urine.
1.6.3 Getting the Balance Right
As indicated in Table 1.9, some elements considered highly 
toxic may in fact be essential at very low levels. Klaus 
Schwarz emphasised that high toxicity does not preclude 
biological essentiality (Schwarz, 1977).
Element Enzyme System
Copper
Iodine
Iron
Manganese
Molybdenum
Nickel
Selenium
Vanadium
Zinc
Prosthetic group of cytochrome oxidase
Structural component of thyroid hormones
Prosthetic group of heme enzymes 
(catalase, cytochrome oxidase)
Cofactor of arginase & other enzymes
Cofactor of xanthine oxidase
Cofactor of urease
Cofactor of glutathione peroxidase & 
other enzymes
Cofactor of nitrate reductase
Cofactor of dehydrogenase, carbonic 
anhydrase & DNA polymerises
Table 1.10 : Elements involved in Enzyme Systems 
Source : Lehninger (1982)
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The action of mineral elements in the animal is a classic 
illustration of Bertrand’s Law of Optimal Nutrition. This 
states that:
"A function for which a nutrient is 
essential is very low or absent in a 
theoretical, absolute deficiency and 
increases with increasing exposure to 
the essential nutrient."
Bertrand (1912)
Bertrand's Law is illustrated diagrammatically in Figure 
1.11. The organism passes through several states as 
tissue concentration of the nutrient progresses through 
the various stages. Note that from the optimal plateau, 
decline may progress in either direction. In absolute 
deficiency (rarely observed in humans under normal 
circumstances) death may result. With a limited intake, 
survival is probable, although signs of marginal 
deficiency may be apparent. The plateau representing 
optimal intake illustrates the wide range of intakes over 
which adequate nutrition can occur. As excess amounts of 
the nutrient are ingested, first marginal toxicity then 
mortal toxicity may occur, thus disproving the myth that 
'more is better'. Such a curve can be applied to all 
living things, although it varies quantitatively for each 
species and nutrient. Figure 1.12 illustrates the curves 
for selenium and fluorine.
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For these two elements, there is barely a tenfold range 
between intake per day for survival and that for the 
appearance of toxic symptoms. Mertz (1981) derived two 
main conclusions from Bertrand's model in the 
understanding of trace element action
i) For each element there is a range of safe and adequate 
exposures, within which homoeostasis is able to maintain 
optimal tissue concentrations and functions.
ii) Every trace element is potentially toxic when the 
range of safe and adequate exposure is exceeded.
Despite the enormous amount of research which has gone 
into this area, it is not to date possible to produce 
concentration curves similar to those shown for 
selenium and fluorine for all elements, and hence the 
reason why so few elements are included on recommended 
daily allowance schedules, particularly in the U.K. 
Although several trace mineral requirements have been 
quantified in laboratory animals through balance and 
exclusion studies, such rigorous methods are obviously 
inappropriate to apply to human subjects. Some measure of 
optimal requirements has been derived from epidemiological 
studies in various regions, as described in section 1. 
Attention has been focused recently on the use of radio 
and stable isotopes in sophisticated balance experiments 
which, it is hoped, will clarify requirements further. 
Detail of such methods is beyond the scope of this work. 
A useful review has been made by Hambridge (1988) .
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1.6.4. Interactions of Mineral Elements
As described throughout this chapter, the subject of 
mineral element action, particularly of trace and 
ultratrace elements, is a very complex matter. Although 
much is known about the role in biology of many elements, 
much remains to be clarified. The possibility of mineral 
interactions adds a further dimension to the problem. The 
ratio between the concentrations of two or more trace 
elements is often decisive as to whether or not deficiency 
or toxicity states normally associated with any of the 
elements involved will occur (Kirchgessner, 1982).
Interactions may be found to have a positive or negative 
effect on metabolic function. Synergistic or positive 
interactions describe those in which an element requires 
the presence of at least another one for normal action in 
metabolism. A negative interaction is one occurring 
whenever the normal functioning of an element is impaired 
or inhibited by a relative excess of another element. 
Similarly, antagonistic reactions describe occasions when 
elements are in active opposition with one another for the 
same binding site, e.g. in enzyme systems. Positive and 
negative interactions are examples of direct interactions. 
The case of an indirect interaction refers to the 
situation in which the interaction between two elements 
affects the concentration of a third. A distinction can 
also be made between competitive and non-competitive 
interaction. Competitive interaction can occur between
elements which have the same electronic structure in their 
valence shells and similar complex-forming behaviour (e.g. 
Zn2 +, Cd2 + , Cu2+ and Hg2 + ) . A non-competitive interaction 
is one where one element interferes with or influences the 
effect of a second element. This type of interaction may 
occur between, for example, molybdenum and copper, or 
between copper and iron. Figure 1.13 shows possible 
interactions for a number of mineral elements and 
illustrates the complexity of interaction metabolism. The 
diagram makes no attempt to differentiate between 
competitive and non-competitive interaction, for this adds 
a further dimension to the problem. Such a chart can only 
be considered to be a generalisation of the subject and 
exceptions do exist. For example, in the case of dental 
caries, molybdenum and fluorine are synergistic and not 
antagonistic as suggested on the chart. Such interactions 
reinforce the impossibility of laying down optimum levels 
of intake when such a variety of factors are in operation. 
To establish with any degree of certainty the role of any 
element in the presence of others, laborious systematic 
research is required. It is necessary to concentrate on 
each element and investigate its action individually with 
each other element in turn.
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Figure 1.13
Source
Interaction chart for 18 mineral elements. 
Direction of arrow indicates antagonism. 
Arrows in both directions indicate that 
the antagonism depends on the relative 
concentrations of the two elements 
concerned. Exceptions exist (see text). 
Taylor (1978)
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In addition to the work in progress concerning 
interactions of known essential elements, consideration is 
also being given to interactions of toxic, 'heavy1 metals. 
Further description of such an aspect is beyond the scope 
of this work. A useful review of this area was made by 
Chowdhury in 1987.
1.6.5. Mineral Deficiencies and Toxicities
The main reason for studying mineral element metabolism 
is the promotion of optimal health for various population 
groups. As suggested earlier in this chapter, there is 
still much to learn on this topic. The dramatic advances 
which have been made, particularly during the last three 
decades, should not be taken for granted. Several 
'disease' states have been identified as arising from 
insufficient or excess intake of a variety of mineral 
elements and further examination of this topic here is not 
appropriate. A summary of health effects was given in 
section 1.6.2 and full details are included for each 
element in Appendix 1.
It is believed that the majority of naturally occurring 
mineral imbalance areas in the world have now been 
identified, although new 'man-made' problems continue to 
arise. During 1988, much concern of aluminium poisoning 
arose when some considerable quantity of aluminium 
sulphate was inadvertently added directly to household 
water supplies in Camelford. Reports of minor health
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problems (sore throats, ulcers, rashes etc.) appeared in 
the media and efforts are being made to monitor any long 
term effects arising from this accident (see chapter 4).
The constituents of the so-called 'healthy' diet are 
generally agreed in the dietetic community and have been 
so for some years. As a growing number of consumers rely 
more heavily on processed foods, about which little is 
known of the mineral composition, the recommendations for 
adequate mineral intake must inevitably be reviewed. The 
importance of dietary supplements in changing mineral 
status should also be considered in this context. Such 
changes in life-style open up new avenues of research and 
investigation which will undoubtedly lead to the revision 
of existing nutritional practice.
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1.7 Introduction to Experimental Work
The importance of mineral elements in the diet and
associated health effects have been described in the 
preceding sections. The widely held belief that much 
remains to be discovered has also been established. The 
aim of the work reported in chapters three and four is to 
look at the presence of a range of elements (essential, 
nonessential and potentially toxic) in several biological 
materials and to determine any variation in concentration 
of these elements which may occur in supposedly
homogeneous samples. Two distinct approaches have been 
taken:
i) to look at one source of variation in mineral intake
through the diet (chapter 3, milk analysis)
ii) and to look at the deposition of minerals in the body 
tissues in a condition which may be related to mineral 
imbalance (chapter 4, Alzheimer's Disease study).
Within each topic, the work has been developed as part of 
a more general examination of the area of mineral- 
associated variability. The two studies, although quite 
distinct in objective, have both been carried out using a 
recently developed analytical technique - Inductively 
Coupled Plasma Source Mass Spectrometry (ICP-MS). 
This provides the ideal tool for biological mineral 
research, not least in its ability to determine rapidly 
over 90% of the elements in the periodic table
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simultaneously. As more instruments of this type come 
into general use in the biomedical field, it is 
anticipated that many of the questions outlined in this 
chapter will be solved. A brief review of the
requirements of methods for mineral analysis is given in 
the following chapter, together with an introduction to 
the use of ICP-MS instruments in such studies.
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CHAPTER TWO
2.1 Introduction
As reported in chapter one, there has been a dramatic 
increase in the work reported on the subject of biological 
mineral research which has gone hand in hand with 
improvements in analytical instrumentation. A variety of 
instruments are now available to the mineral analyst; a 
brief overview of systems suited to biomedical research is 
given below.
Flame Photometry
Flame Photometry (FP) involves the atomisation and
excitation of a sample solution in an air/propane flame. 
The intensity of emission of characteristic optical 
radiation from the atomised sample is used to determine 
the concentration of the elements. Instruments are 
inexpensive to buy and run and are mainly used in routine 
clinical analysis for sodium and potassium. Sensitivity 
is limited by the resolution capability of the
monochromator.
Flame Atomic Absorption Spectrometry
Sample solutions are atomised in an air/acetylene or 
acetylene/nitrous oxide flame. Hollow cathode lamps
specific to each element provide a source of monochromatic 
radiation characteristic of the element. Detection of 
degree of absorption is by a scanning optical 
monochromator plus a photomultiplier tube. FAAS is
currently one of the most widely used techniques for the
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determination of trace element composition of a wide 
variety of samples {IAEA, 1980). The main attraction is 
the high sensitivity attainable for a wide range of 
elements and high selectivity for the analyte element 
sought. Instruments are inexpensive to purchase and run 
and simple to operate. Sample throughput is rapid; as 
many as 150-200 samples per hour may be analysed for a 
single element. The technique is limited by its single 
element capability and short linear dynamic range.
Furnace Atomic Absorption Spectrometry
Also known as electrothermal AAS, this is essentially 
similar to flame AAS. Small volumes of liquid sample (5- 
IOmL) are transferred directly to an electrically heated 
graphite (or tantalum) rod, ribbon or tube. Heating on 
the rod occurs in three stages. Firstly, the solvent is 
removed by heating at about 100° c followed by ashing of 
organic matter at 400-900° c and finally vaporisation of 
the residual material containing the analyte element of 
interest at about 3000°c. Greater sensitivity is 
generally attainable than with flame AAS and smaller 
sample volumes are required. However, analysis time is 
slower; usually no more than 20 samples per hour can be 
analysed.
Inductively Coupled Plasma Atomic Emission Spectrometry 
ICP-AES instruments are based on the atomic emission 
spectrometer in which the traditional means of introducing
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and atomising samples by flame has been replaced by an 
inductively coupled plasma as a superior means of 
vaporisation, atomisation and excitation. ICP-AES has 
several advantages over AES and AAS, primarily that it has 
simultaneous multi-element capability and has a linear 
dynamic range of several orders of magnitude. The 
equipment is relatively expensive to buy and run compared 
to AAS, although the multi-element capability of ICP-AES 
brings the cost of analysis per element in line with that 
of AAS.
Neutron Activation Analysis
NAA involves irradiation of whole samples in a nuclear 
reactor by neutrons to form radioactive daughter nuclei of 
the element of interest which are detected by a germanium 
gamma-ray detector coupled to a multi channel analyser. 
NAA is a highly sensitive, simultaneous multi-element 
technique, with an excellent record for precise and 
accurate data production. It is essentially a non­
destructive technique in that samples require little or no 
pretreatment, thus avoiding the introduction of possible 
sources of contamination. The main drawbacks are the high 
equipment costs and often lengthy counting periods.
Inductively Coupled Plasma Source Mass Spectrometry 
ICP-MS, a relatively new multi-element technique adopted 
for the work reported in chapters three and four, is 
described in section 2.2.
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Factors which should be taken into consideration when 
selecting the appropriate technique for a particular 
application include:
: degree of analytical sensitivity required 
(there is little point in employing expensive 
ultra-sensitive techniques if only 'major' 
elements are being considered)
: amount of sample required
: speed and convenience to the user undertaking 
the analysis
: costs (capital and running) of instrumentation 
(e.g. nuclear reactor for NAA)
A technique which has been in routine use for many years 
in biological analysis is atomic absorption spectrometry 
(AAS). Much of the data currently reported in the 
literature is based on AAS analysis (Iyengar, 1978). A 
number of methods of introducing samples into these 
systems have been developed to cover a range of 
applications (e.g. electrothermal vaporisation for 
sensitive analysis of some human samples). Although AAS 
is an useful analytical tool, a major drawback is its 
limitation to determine only one element at a time, 
making examination of a range of elements time consuming. 
Since it is now known that most mineral deficiency or 
toxicity syndromes can be attenuated or potentiated by 
interaction with other elements (see chapter one), it is
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appropriate that mineral research in future be conducted 
on a multi-element basis to monitor such interactions 
(Prasad, 1982). A relatively new method of multi-element 
analysis which meets the requirements outlined above is 
Inductively Coupled Plasma (Source) Mass Spectrometry 
(ICP-MS). This technique has been employed in the work 
reported in chapters three and four. An introduction to 
the development, analytical capabilities and operation of 
ICP-MS is given below. The results of a brief study 
comparing results from ICP-MS and AAS systems is given in 
section 2.3.
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2.2 Inductively Coupled Plasma Mass Spectrometry
2.2.1 Analytical Capabilities of ICP-MS
ICP-MS has several distinct advantages over many other 
analytical techniques:-
1) Multi-elemental; up to 90% of the elements in the 
periodic table can be detected simultaneously.
2) Detection limits mainly in the 0.01-0.1 ng.mL-1 range, 
(see Figure 2.1).
3) High sample throughput - each full mass range scan 
takes only one minute.
4) Linear dynamic operating range of six orders of 
magnitude.
5) Ability to determine isotope ratios.
6) On the commercial systems, automated operating and 
data handling facilities.
There are, of course, certain disadvantages associated 
with the technique:-
1) Spectral interference problems
The spectra produced from samples are generally very 
simple to interpret. However, problems do occur with what 
are known as polyatomic ions. These are undesirable 
species occurring at the same elemental mass as an element 
of interest. For example, iron has isotopes at masses 54, 
56, 57 and 58 with relative abundances of 5.8%, 91.7%,
2.14% and 0.31% respectively. A major interferent in any 
spectrum is argon gas (from the plasma) which occurs at
72
DETECTION LIMITS ng/ml (3 5 ,10s Integration)
Ca Sc Ti V Cr
Fr Ra Ac
Mo
Mn
Tc
Fe
Ru
Ni
Pd
Pt
Cu
Ag Cd
Hg
H___ He
B C N o l Ne
Al Si P s Cl ArU——
Ga Ge As Se Br Kr
Sn Sb Te 1 Xe
TI Pb E
Po At Rn
Ce Pr
H p a
Nd Pm Sm Dy Yb
0 .01-0.1
Cf Es Fm Md No
0.1-10
Figure 2.1 : Limits of Detection for the 'PlasmaQuad' 
ICP-MS System 
Source : VG Elemental, Winsford, Cheshire, U.K.
Figure 2.2 : Prototype ICP-MS instrument, currently 
at the University of Surrey
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mass 40. Other abundant elements are oxygen, nitrogen and 
hydrogen. Problems arise when these species react and 
form peaks overlapping analyte elements, e.g.
at mass 54, ArN [Ar(40), N(14)] 
at mass 56, ArO [Ar(40), 0(16)] 
at mass 57, ArOH [Ar(40), 0(16), H(l)]
The smallest iron isotope, 58Fe (0.31% abundant), would be 
dwarfed by the 67.8% abundant nickel isotope occurring at 
the same mass. Although many such overlaps occur, most 
elements have one or more 'free' isotopes available for
use. It is, however, possible to look at iron in samples
as has been done in chapters three and four, although 
careful consideration of the blank spectra must be made. 
Ways of overcoming these interferences by instrument and 
operating modifications are being sought (Gray, 1987) .
2) High capital and running costs of the system, although 
for the amount of data produced, it is not considered 
particularly expensive in the analytical world.
2.2.2 A Short History of ICP-MS
The concept of ICP-MS was first suggested in the early 
1970's. The eventual product was envisaged as a mass 
spectrometer capable of accepting solid mineral samples 
and providing multi-element analyses at levels down to 
lOng.g-1 in an analysis time of a few minutes (Gray, 
1986a). The concept of ICP-MS, linking two existing units
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together, presented considerable problems. The main
difficulty to overcome was that of extracting ions
generated in the atmospheric pressure ICP into a
quadrupole mass spectrometer which operates in a high
vacuum. Following the development of an interface for 
this application, rapid progress was made (Date, 1983; 
Gray, 1986a; Gray, 1983) . Figure 2.2 shows one of the 
prototype instruments, currently housed at the University 
of Surrey.
Such was the interest in the technique that by 1983, two 
commercial instruments were available; the PlasmaQuad, 
marketed in the U.K. by VG Elemental (Winsford, Cheshire) 
and the Sciex ELAN produced in North America by Perkin 
Elmer (Thornhill, Ontario, Canada). Figure 2.3 shows one 
of the first U.K. commercial systems, housed at the 
University of Surrey, which was used for the majority of 
the experimental work described in chapters three and 
four. In mid 1988, this was replaced by the updated 
PlasmaQuad PQ2 series, which was used for some of the 
experimental work. This more compact system is shown in 
Figure 2.4.
Further discussion of the development of this 
technique is beyond the scope of this work; such 
information can be found in the references already 
mentioned and in a number of reviews of the subject (e.g. 
Gray, 1988; Potts, 1987).
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J _________
m a m
Figure 2.3
Source
One of the first commercial ICP-MS 
instruments, used for the majority 
of the experimental studies reported 
in this work.
VG Elemental, Winsford, Cheshire, U.K
]> VG Elemental
Figure 2.4 : The latest model of the 'PlasmaQuad' 
used in the latter part of the 
experimental work.
Source : VG Elemental, Winsford, Cheshire, U.K.
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2.2.3 ICP-MS Operating Principles
The physical processes at work in an ICP-MS system 
are complex. The description given below (based on the 
U.K. commercial system) is intended only to give an 
appreciation of ICP-MS for use in general analysis. The 
operation of the system is described with reference to the 
PlasmaQuad schematic diagram shown in Figure 2.5.
Although several methods of introducing samples into the 
ICP-MS are being considered (Date, 1983), the original 
(and often preferred) method is to introduce the samples 
in solution. For some materials, obtaining suitable 
solutions has presented many problems (e.g. geological 
samples) which have to be overcome before analysis can 
proceed. A new wet chemical method for solubilising 
liquid milk was developed in order to conduct the work 
described in chapter four (Emmett, 1988).
Once samples are in solution, they are introduced into an 
ICP as an aerosol which is generated using a nebuliser. An 
ICP is essentially an electromagnetically maintained flame 
of argon gas. Figure 2.6 shows the PlasmaQuad torch in 
operation. Operating at a temperature of about 8000K, the 
plasma is sufficiently energetic to cause rapid 
desolvation, volatilisation, atomisation and finally 
ionisation of the sample. A portion of this plasma 
containing ions of the sample of interest and plasma 
gaseous species is extracted into the vacuum system of a
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Figure 2.6 : The Inductively Coupled Plasma 
in Operative Mode
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quadrupole mass spectrometer, through the interface system 
which forms the heart of the ICP-MS system. The interface 
unit permits sampling of the plasma gases and transfer of 
the generated ion beam into the mass spectrometer. As
mentioned earlier, the design of this interface is 
critical to instrument performance. A detailed
description of the interface can be found in Potts (1987), 
although a simplified explanation will be given here.
Mass spectrometers require a very high vacuum for
successful operation. The U.K. commercial system uses a
three stage vacuum system. Plasma gases from the ICP pass 
through a nickel sampling cone (orifice 1mm) into the
first (expansion) stage vacuum which operates at a 
pressure of about 2 mbar. The core of the ion beam then 
passes through a second skimmer cone (0.7mm in diameter) 
into the second stage vacuum which is maintained at a 
pressure of <4 x 10“4 mbar. The ions are then focused 
through a differential pumping aperture into the final 
stage of the vacuum system which houses the quadrupole 
mass spectrometer and ion detector at about 5 x 10"6 mbar. 
The first stage vacuum is achieved by a high speed rotary 
pump whilst stages two and three require oil diffusion 
pumps backed by rotary pumps to maintain the high vacuums 
necessary for optimal operation.
The quadrupole mass spectrometer acts as a filter, 
transmitting only ions within a pre-selected narrow range
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of mass:charge ratio. The majority of ions leaving the 
plasma are singly charged and therefore selection is 
effectively carried out according to mass. The quadrupole 
control system may be set for single ion monitoring or may 
be varied rapidly for scanning over a range in mass. 
Transmitted ions are detected with a Channel Electron 
Multiplier (detector) operating in pulse counting mode 
i.e. detecting individual ions (Date, 1983). The pulses 
from these detected ions are amplified and accumulated in 
a fast data buffer Multi Channel Analyser (MCA) and down 
loaded to a dedicated microcomputer. Data thus collected 
can be manipulated later by associated computer software. 
The combination of a quadrupole mass spectrometer and fast 
data buffer allow rapid sample analysis, with a typical 
full elemental mass scan taking about one minute.
For each analysis scan, a spectrum showing the data 
collected for each elemental mass is produced. The 
spectrum in Figure 2.7 shows part of the mass spectrum 
obtained for full cream milk from mass 24 to 39. Each of 
the peaks corresponds to the amount of the element at that 
mass number which was present in the sample. Sophisticated 
computer software is then employed to perform calculations 
on this collected data. The area under each peak is 
measured and integrated and compared to the value 
similarly obtained for that particular elemental standard 
used at the calibration stage. The actual amount of each 
element in the sample can thus be calculated. A tabulated
81
(T
ho
u
sa
n
ds
)
60
Na
50 -
40 -
30 -
20 -
Ca
4436 40282420
Figure 2.7 : Part of the mass spectrum obtained in the 
analysis of full cream milk, showing peaks 
corresponding to elemental masses.
version of the results is produced directly from the
printer attached to the computer. Results are given in
pg.mL-1 or ng.mlr1 as appropriate. An example of such a
report is shown in Figure 2.8.
Practical Sample Analysis by ICP-MS
A major advantage that ICP-MS has over many other means of 
elemental analysis is that it can be used successfully by 
the non-specialist. The following description outlines 
the procedure followed to obtain information on any number 
of required elements.
If the samples are not already liquid, a suitable 
method of preparation must be sought (Bock, 1979) . lOmL of 
the final solution is required to obtain a minimum of 
three replicate analyses per preparation. Reagent, acid 
and diluting water blanks must also be prepared (see 
later). The elements of interest should be listed and mass 
tables consulted to ascertain the largest {% abundance) 
naturally occurring isotope available for each element. An 
’element menu1 can then be prepared for the analysis using 
the PlasmaQuad software. This involves selecting each 
element/isotope required from the full database stored 
within the software. Figure 2.9 shows the screen selector 
used to produce an element menu. A paper copy of the menu 
may also be produced for reference.
To gain an approximation of likely concentrations of 
elements, appropriate literature should be consulted.
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Figure 2.9 : Computer Screen Element Menu on 
the PlasmaQuad Software
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This is needed only as a rough guide since the PlasmaQuad 
has a linear dynamic range of six orders of magnitude. A 
standard solution containing all the elements of interest 
at known concentrations can then be prepared from stock 
solutions of each element. As far as is possible, the 
standard should be 'matrix-matched' to the samples, i.e. 
if the final sample solutions contain 2% nitric acid, so 
should the standard. Such precautions are taken to avoid 
problems of reagent interference on the sample spectrum.
An analysis procedure for the samples to be analysed can 
then be prepared using the PlasmaQuad software. This is 
simply a running order giving details of the standards, 
blanks and samples and the order in which they are to be 
introduced into the system. Systematic, easily- 
identifiable filenames should be given to each solution to 
avoid the possibility of confusion when the results are 
analysed. A typical analysis procedure used to conduct 
the work described in chapter three is shown in Figure 
2.10. Again, a paper copy can be produced for reference. 
Tubes containing the appropriate solutions can then be 
loaded into an autosampler rack in the appropriate order 
as detailed in the analysis procedure. Between each 
sample, the system is rinsed with 1% nitric acid or 
distilled water to avoid carry over of contamination from 
one sample to the next. Using the autosampling facilities 
(shown in Figure 2.11), wash-through and sample uptake 
times can be pre-set, thus standardising the analysis.
SfiHPLE No Of SAHPLE Dil BLANK
U E H L  ML.  - 3 M .  FACTOR- JML
1BK1 2 Blank_ _ _ _ _ _ _ _ _ 1.000
STDHN01 1 Blank Sub Standard 1.000
Standard Concentration file 
Elesent
«g
Si 
P 
K
Mn 
Fe 
Co 
Ni 
Cu 
As 
Se 
Cd 
Hg 
Pb
STDHCL1 1 Blank Sub Standard 1.000 IBK1 ^
Standard Concentration file .• HCL \
Elesent Cone.(ug/al)
Na 1.0000000000
A1 0.0500000000
Ca 200.00000000
Cr 0.0500000000
Zn 1.0000000000
DBK1X 3 Blank Sub Sasple 1000.000 IBK1
A-11SRH 3 Blank Sub Sample 1.000 IBK1 (
Elll 3 Blank Sub Saaple 1000.000 IBK1
E121 . 3 Blank Sub Sasple 1000.000 IBK1
E211 3 Blank Sub Sasple 1000.000 IBK1
E221 3 Blank Sub Sasple 1000.000 IBK1
E311 3 Blank Sub Sasple 1000.000 IBK1
E321 3 Blank Sub Sasple 1000.000 IBK1
Sample code ^Digestion (re a g e n t)
England; region 3; blank
preparation 2; 
dilution 1
IBK1
..RN0
Cone.(ug/al) 
0.1000000000 
1.0000.000000 
1.0000000000 
i.
0.0500000000
0.1000000000
0.0500000000
0.0500000000
0.1000000000
0.0500000000
0.0500000000
0.0500000000
0.0500000000
0.0500000000
Instrument
blank
Standard
(nitrates)
Standard
(chlorides)
Reference
Material
Figure 2.10 : Part of a PlasmaQuad analysis procedure 
typical of those used to analyse milk 
samples.
803380
UMtJO
o o uHI II j
OD C=3
Figure 2.11 : An automatic sample changer may be 
fitted to the PlasmaQuad, allowing 
the use of pre-set sample uptake 
and washout times.
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The samples can then be left to run unattended. If any 
problems occur, the instrument is shut down automatically 
by computer override, so there is no danger of losing 
valuable samples. To analyse twenty actual samples 
(including associated standards, washout times etc.) for 
up to sixty elements takes a total time of five hours. The 
technique is therefore economical in terms of man hours 
for the amount of information produced. The data, 
collected automatically on floppy disk, can then be 
processed using the dedicated calculations software 
package.
The steps outlined above were followed to analyse the 
samples collected for the work reported in chapters three 
and four. Full details of the analysis are given in the 
relevant sections.
2.2.4 Applications of ICP-MS
ICP-MS was developed originally for the analysis of 
'difficult' elements in geological samples e.g. the rare 
earth elements (lanthanum to lutetium) which are of great 
interest to geologists. ICP-MS has now entered a second 
evolutionary phase beyond its introduction when so much 
interest was generated by the low detection limits 
attainable in ideal matrices (Gray, 1986b). As more 
commercial instruments have been installed in research 
laboratories, so the range of applications has developed.
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Current uses of ICP-MS instruments may be divided into the 
following areas
1) Geochemical
Analysis of rare earth elements. Alternative methods of 
sample introduction are being explored, e.g. laser 
ablation for rapid direct analysis of samples avoiding 
expensive and time-consuming dissolution procedures.
2) Materials Technology
Multi-element analysis of metals and ceramic materials.
3) Nuclear
Ability to perform precise isotope ratio determinations.
4) Environmental
Detection of accumulation of toxic metals in waters, 
herbage and soil samples.
5) Biomedical
ICP-MS systems are in routine use in some laboratories for 
multi-element analysis of blood, serum and urine. The U.K 
manufacturers sales information advertisers such an 
application thus:
"As the role of trace element excess and 
deficiency in human health is more widely 
explored, it is clear that only true multi­
element analysis, with ng.mL-1 detection 
capability, will provide answers to the 
questions being posed."
VG Elemental, PlasmaQuad Information Booklet
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The work described in chapters three and four further 
exploits this area of application.
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2.3 Inductively Coupled Plasma - Mass Spectrometry and
Atomic Absortion Spectrometry
2.3.1 Introduction
ICP-MS has many attractive features, as outlined in 
section 2.2.1 (above). As with any new instrument, it is 
advisable, to compare the end results with those attainable 
from more established methods before any major studies are 
undertaken. The results of a short project undertaken to 
compare the results obtained for biological specimens by 
ICP-MS and those obtained for the same samples using 
conventional atomic absorption spectrometry are given 
below.
2.3.2 Comparative Study: ICP-MS and AAS
AAS is an established technique for clinical analysis? 
constant improvement has produced a relatively 
interference free and fast analytical tool. However, AAS 
instruments can only analyse for one element at once in a 
given set of samples. Although the majority of elements 
can be determined in this way, the instrument must be 
fitted with the particular lamp for each element and re­
optimised accordingly. The advantages of a multi-element 
simultaneous method thus become apparent.
Several comparisons have been made between ICP-MS and 
other analytical techniques (Pickford, 1986; Ridout, 
1988). Other studies are in progress (Gray, 1986c).
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1
The usefulness of ICP-MS for the biological analysis 
described in chapters three and four was examined in the 
following way using pig brain tissue as the biological 
sample, avoiding the need to use valuable human samples.
Three samples (approximately lOOmg each) of fresh tissue 
were dissolved using concentrated nitric acid and hydrogen 
peroxide, according to the procedure detailed in chapter 
four. The resulting clear, colourless solutions were 
divided into aliquots and diluted as appropriate for the 
specific analyses. They were then analysed for four 
elements using AAS and ICP-MS. Table 2.1 is a summary of 
the results obtained by the two techniques.
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Element
Method
Sample
Repli­
cates
Concentration 
pg.mlr1 
Mean (range)
S.D. /R.S.D.
Copper
AAS*
ICP-MS
3/1
3/2
7.3(5.6-8.6) 
6.6(6.1-6.9)
±1.6
±0.40
21.5%
6.1%
Zinc
AAS*
ICP-MS
3/1
3/2
6.3(6.1-6.5) 
6.3(6.1-6.7)
±0.20
±0.26
3.2%
4.1%
Sodium
AASO
ICP-MS
3/3
3/2
1844(1708-1922)
1279(1199-1356)
±118
±58
6.4%
4.5%
Potassium
AAS9
ICP-MS
3/3
3/2
2018(1975-2070)
1903(1487-2456)
±48
±430
2.4%
22.0%
* AAS performed at Robens Institute (University of Surrey) 
0 AAS performed in the Department of Chemistry, University 
of Surrey.
S.D. - Standard Deviation 
R.S.D. - Relative Standard Deviation
Table 2.1 : Comparison of Results Obtained for Analysis 
of Tissue Samples by AAS and ICP-MS.
The results were generally in good agreement, although 
problems arose with the samples which were analysed (on 
behalf of the author) at the Robens Institute, as only 
one analysis was made of each sample. The major problems 
in the ICP-MS results were for potassium and sodium. This 
is thought to have occurred because of the very high 
concentration of the elements in the analysed sample which 
'overloaded' the sensitive counting equipment in the 
instrument. This problem was overcome by running the
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actual samples used in the full study at a much greater 
dilution. The results for both elements in the 
experimental work reported in chapters three and four were 
in line with standard reference materials values (see 
later).
To obtain the similar amounts of information, it took 
approximately thirty minutes using the PlasmaQuad system 
and one full day using atomic absorption. The benefits of 
using the former system in a large scale, multi-element 
study are thus apparent.
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2.4 Analytical Quality Control
2.4.1 Experimental Procedures in Mineral Analysis
Advances in analytical instrumentation mean that it is now 
possible to determine picogram levels of elements in
biological matrices. Sustained effort has been applied to 
producing consistent, reproducible results within the 
laboratory, through development of both internal and 
external quality assurance programs (see below). 
Unfortunately, there has not been similar concern about 
the quality control of samples before they arrive for
analysis. However advanced analytical methods become, 
they cannot compensate for poor handling and pretreatment
of samples. Iyengar (1986a), expressed his concern about
this problem:
"Major efforts are (therefore) necessary 
to generate reproducible and reliable 
results to build up a reference data 
base for human tissues and body fluids. 
Unless this is achieved, true variations 
in elemental concentrations arising from 
physiological changes, pathological 
influences and occupational and environ­
mental exposures remain submerged in the 
wide ranges of the largely uncontrolled 
analytical data."
Figure 2.12 summarises errors which may occur in 
biological element analysis. The details of such 
considerations as they apply to the experimental work 
described in chapters three and four are given below.
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CONCLUSIONS
/  t 1 \
Data Handling and Interpretation
- inadequately matched controls 
Interpretation Errors - inappropriate statistical treatment
- improper basis for data presentation
Result
- Keypunch errors and clerical mistakes
- Recording and calculation
Analytical Errors Analysis
- Measurement of the analytical signals
- Choice of improper analytical technique
BIOLOGICAL VARIATIONS 
Genetic factors 
Seasonal changes
Long-term physiological influences 
Short-term physiological influences
Figure 2.12 : The Elemental Analysis of Biological 
Systems •
Source : Adapted from Iyengar (1986a)
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- Preparatory techniques
- Specimen collection
Presampling Factors
POST-MORTEM CHANGES
Autolysis 
Imbibition 
Cell Swelling
INTRINSIC ERRORS
Medication
Subclinical conditions 
Critically small samples 
Haemolysis
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The Samples
Much of the data currently available on mineral 
composition of biological materials, particularly human 
tissues, is based on analysis of samples which were not 
collected in a manner now deemed to be appropriate. Too 
often, the analyst knows nothing of the history of the 
sample and has no way of controlling possible sources of 
contamination prior to the sample's arrival for analysis. 
It is suggested (Iyengar, 1986a) that, ideally, the 
analyst should be directly involved in the sampling 
procedure, in order to ensure that the samples are 
representative and that no significant changes in 
composition occur during sampling, transport and storage. 
The standard method of preserving tissue samples with 
formaldehyde is not considered suitable as pretreatment 
for mineral analysis? preservation by freezing is 
preferable as it creates no problems of contamination and 
leaching. It is also important to consider the containers 
used to store samples prior to preparation and analysis. 
Non-wettable materials, such as polyethylene or 
polytetrafluoroethylene (PTFE) are the most suitable since 
there is little risk of liquid-container interactions 
occurring (see below). Such considerations apply 
particularly to the analysis of post-mortem samples; the 
procedure developed to collect, store and analyse human 
samples is given in chapter four.
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The Laboratory Environment
Assuming that the samples have been collected and 
transported appropriately, it is vital that they be 
handled prior to and during analysis in a suitable 
environment. It is important to be aware of possible 
sources of contamination, such as that which can arise 
from the corrosion of metallic fixtures by an acidic 
atmosphere, in an otherwise suitable laboratory. Potts 
(1987) described the design points to consider in 
constructing a laboratory suitable for biological mineral 
analysis.
Equipment
One of the prime concerns in handling sensitive samples is 
to obtain tools and containers with very low 
concentrations of the analyte elements of interest. In 
the case of beakers and flasks, this can be quite easily 
achieved by using PTFE, which is highly resistant to 
acids, alkalis and organic solvents and can be safely 
heated to temperatures of about 260°c. When ashed, PTFE 
contains quite a high level of titanium but is otherwise 
’clean' in trace element terms. One problem which remains 
is in the choice of cutting tool for dissection of 
tissues; the use of stainless-steel blades continues to be 
controversial (Iyengar, 1986b). A novel means of 
overcoming this problem was employed in the work 
described in chapter four (see later).
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Although PTFE ('Teflon') containers are the most suitable 
for storage of samples, their cost usually prohibits use 
for long-term storage of prepared samples. Low-cost, 
'use-once' alternatives for solution storage are low- 
density polyethylene and polycarbonate. Although even 
plastics may contain some trace elements, they are so 
tightly bound in the structural lattice of the material 
that they cannot be leached out (Frieden, 1972). Repeated 
use of these materials is not possible because of their 
low resistance to vigorous cleaning regimes.
To obtain accurate, reproducible measurements, it is 
important that suitable weighing and measuring apparatus 
are used. For dispensing precise volumes of liquid, air- 
displacement pipettes with disposable tips are preferred. 
These should be calibrated and checked regularly; to avoid 
introducing unnecessary variation, the same pipettes 
should be used throughout an experiment. Similarly, a 
reliable micro-analytical balance is most suitable for 
weighing samples; the newer models with digital readout 
and/or printout are particularly useful for this type of 
work.
Cleaning Equipment
Since the sample container is one of the more important 
sources of contamination, much of the accuracy of an 
analysis will depend not only on the choice of the 
container materials but also on the method of cleaning
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them (Iyengar, 1986a). Many elaborate procedures have 
appeared in the literature, some involving immersing 
containers in various solutions for several weeks (Moody, 
1975). Within the time-scale of the work described in 
chapters three and four, such time-consuming procedures 
were not appropriate. Modern preparations specifically 
designed to clean laboratory ware do not involve such 
lengthy soakings. Glassware and PTFE ware used in this 
work was cleaned according to the procedure outlined 
below.
Soiled items are immersed in a 5% solution of Decon 90 
concentrate, a commercial cleaning agent designed to leech 
a wide range of contaminants from most surfaces (Decon 
Laboratories Ltd, Hove, Sussex). 'In-house' checks on the 
concentrate have shown it to be clean in residual trace- 
element terms (Jarvis, 1989). Items are soaked in the 
solution for a minimum of two hours. On removal, 
equipment is immediately rinsed three times with deionised 
water. PTFE beakers are then boiled for approximately 
eight hours in 50% nitric acid and then rinsed three more 
times with deionised water. They are dried in a clean hot 
box oven at about 60° c overnight and then stored in new 
polythene pouches until required. Immediately before use,
 they are again rinsed in deionised water. Glassware is
next submerged in 10% nitric acid solution overnight. It 
is then rinsed three more times with deionisd water and 
filled with new 10% nitric acid. The flasks are left in
101
this way until required. Immediately before use they are 
again rinsed in deionised water.
The Analyst
Having taken all the precautions outlined above in 
handling samples and selecting appropriate equipment, it 
is important to consider the role of the analyst as a 
potential source of contamination. Suitable clothing 
should be worn and all efforts made to avoid contamination 
from analyst sources such as hair, cigarette smoke etc. 
It is vital that when handling samples in which aluminium 
is to be determined to avoid wearing talced plastic 
gloves, since this may prove an appreciable source of 
contamination of the element.
Reagents
Most samples have to undergo some form of pretreatment 
prior to analysis, often involving the use of strong acids 
to breakdown organic materials. Although laboratory grade 
reagents will perform such destructions, they often 
contain impurities from the manufacturing process. It is 
advisable, therefore, to use analytical grade reagents 
which contain minimal amounts of contamination. For all 
preparations and analyses, reagent blanks should be 
included. For the preparations described in chapters 
three and four, ARISTAR reagents (BDH Ltd, Poole, Dorset) 
were used. The manufacturers mineral assays of these 
reagents are shown in Table 2.2.
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Element 70% HN03 60% HC104 30% H2 O2
Aluminium 0.05 0.005 0.1
Arsenic 0.005 0.005 0.005
Cadmium 0.005 0.005 0.005
Calcium 0.05 0.05 0.05
Cobalt 0.005 0.002 0.005
Copper 0.005 0.002 0.01
Iron 0.1 0.1 0.25
Lead 0.002 0.01 0.01
Magnesium 0.01 0.01 0.02
Manganese 0.005 0.002 0.005
Mercury 0.001 0.005 0.001
Nickel 0.005 0.002 0.005
Potassium 0.05 0.05 0.1
Sodium 0.1 - 2.0
Strontium 0.5 0.01 0.05
Zinc 0.01 0.005 0.02
Table 2.2 : Concentration of Inorganic Contaminants 
in ARISTAR Reagents (pg.ml-1).
Source : BDH Chemicals Ltd (Poole, Dorset).
In using these purified reagents, good laboratory 
practices must be observed (such as rinsing out beakers, 
pipette tips etc. with the solution being used) to avoid 
introducing further contamination.
Water Quality
Having used high quality reagents in digestion procedures, 
a preparation can be spoiled by diluting the sample with 
impure water. The highest quality of water should be used 
for all procedures, from preparing calibration standards 
to rinsing glassware. The supply should be monitored 
regularly for mineral content and cartridges replaced when
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necessary. Blank samples of the diluting water should be
included with each set of samples analysed.
Deionised water used in these studies was produced using 
an Elga Spectrum modular deioniser system (Elga Ltd., High 
Wycombe, Bucks). In this system, tap water is passed
through a carbon filter system, followed by a reverse
osmosis membrane and finally a mixed bed deioniser to
produce water of approximately 25MQ.cm-1 specific
resistance. Table 2.3 shows the results for a range of 
elements in the deionised water supply used in this work
by ICP-MS analysis.
Element Concentration (ng.mL-1)
Na 39.2
Mg 0.35
A1 0.21
Ca 44.9
Co 0.07
Fe 26.3
Cu 0.17
Zn 1.01
As 0.34
Cd 0.25
Hg 0.34
Pb 0.06
Table 2.3 : Concentration of Elements in 
Deionised Water.
Source : ICP-MS Laboratory, University 
of Surrey.
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The PlasmaQuad system software used for the analysis 
described in chapters three and four allows for automatic 
subtraction of such 'blank' values from the actual sample 
values.
2.4.2 Standard Reference Materials
Quality assurance in the field of analytical chemistry is 
a problem which has attracted much interest in recent 
years, stimulated in part by significant advances that 
have been made in the variety and scope of instruments now 
available and by the growth of interest in determining the 
concentrations of toxic and essential trace elements in 
biomedical and environmental samples.
There are a number of procedures which can be used to 
establish the value of a method (Portwood, 1987)
1) Compare the results directly with those obtained by
other methods.
2) Compare the results with those obtained in .other
laboratories using the same method (ring tests).
3) Analyse reference materials to establish accuracy (as
determined previously by a selection of other methods).
Control of analytical data is necessary since results of 
some analyses may be the basis upon which economic, 
administrative, medical or legal decisions are taken? they 
must, therefore, be documented to be sufficiently reliable 
(IAEA, 1988). The reliability of the results of analyses
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is a function of the precision and accuracy obtained.
Precision is a measure of the analytical repeatability. A 
precise analysis is one where a set of replicate analyses 
forms a tight cluster about the average. Accuracy is a 
measure of how close the analysed data lie to the 'true' 
composition of the sample (Potts, 1987). The concepts of 
precision and accuracy are illustrated in Figure 2.13.
The majority of laboratories involved in mineral analysis 
employ specially prepared reference materials to determine 
the validity of their analyses.
The International Standards Organisation (ISO) has
tentatively defined a Reference Material (RM) to be:
"...a material or substance, one or more 
physical or chemical properties of which 
are sufficiently well-established to be 
used for the calibration of an apparatus 
or for the verification of a measurement 
method. Generally, any reasonably small 
part of a RM sample should exhibit the 
property value(s) established by the RM 
as a whole within the stated uncertainty 
limits."
Werner (1982)
A Certified or Standard Reference Material is defined as:
"...a Reference Material accompanied by 
by or traceable to a certificate stating 
the property value(s) concerned and issued 
by an organisation which is generally 
accepted as technically competent."
Werner (1982)
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Reference materials for biological and environmental 
research are currently prepared in ten countries by a 
variety of organisations, listed in Table 2.4.
Country Institution
Austria International Atomic Energy 
Agency
Belgium Community Bureau of Reference
Canada National Research Council 
Canada
Czechoslovakia Institute of Radioecology and 
Applied Nuclear Techniques
Federal Republic 
of Germany
Behring Institute
Japan National Institute for 
Environmental Studies
Norway Nyegaard & Co.
Republic of 
South Africa
South African Bureau of 
Standards
United Kingdom Dr H Bowen, University of 
Reading
USA National Bureau of Standards 
and Kaulson Laboratories, Inc.
Table 2.4 : Suppliers of Biological and Environmental 
Reference Materials 
Source : Muramatsu (1985)
In selecting the appropriate reference material, it is
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important to choose one that has as similar a matrix as 
possible to the samples under investigation. An
inappropriate reference standard could lend false
credibility to incorrect results. For some types of 
sample, it is not always possible to acquire an ideal 
matrix match, particularly when human tissues are being
investigated. In such circumstances, the nearest match 
available should be used. The reference material must be 
prepared in the same manner as the samples it is required 
to validate to allow for direct comparisons to be made. 
Figure 2.14 illustrates the possible applications of 
reference materials.
Materials from the International Atomic Energy Agency 
(Austria) and the National Bureau of Standards (USA) were 
used to validate the work in chapters three and four 
respectively. Full details and results are given in the
relevant sections.
2.4.3 Limits of Detection
The detection limits are an important parameter of 
performance to consider in assessing the usefulness of a 
new analytical technique. The limit of detection is a 
measure of the minimum concentration of an element which 
can be determined on an instrument for a given sample type 
with confidence. To determine limits of detection, ten or 
more replicate analyses of a sample at or close to blank 
level (usually deionised water) are made followed by
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analysis of a multi-element standard. The limit of 
detection for each element is then determined from three 
times the standard deviation of the mean of the ten 
replicates. A suitable standard is used to define these 
values as concentrations (usually in ng.ml-1).
Table 2.5 compares the detection limits typically 
attainable in routine analysis by ICP-MS to those of other 
analytical techniques. As the data illustrate, for most 
elements ICP-MS has considerably superior limits of 
detection.
Ill
Element ICP-MS+ ICP-AES* F-AAS* XRF*
Lithium 0.29 22.5 1.5
Boron 3.78 4.8 1050
Sodium 3.44 29 0.5
Magnesium 0.94 30 0.3
Aluminium 0.97 23 30
Silicon 33.2 12 220
Potassium 3.81 6000 1.5 3.5
Calcium 10.2 10 1.5 4.5
Scandium 0.06 1.5 75 2
Titanium 2.43 3.8 100 4
Vanadium 0.16 10 75 5
Chromium 0.11 7 4.5 5
Manganese 0.29 1.4 3 6.5
Iron 1.62 6.2 7.5 5
Cobalt 0.34 6 7.5 3
Nickel 3.24 15 7.5 3
Copper 0.23 5.4 4.5 3
Zinc 0.59 1.8 1.5 4.5
Arsenic 2.84 53 150 5
Selenium 0.28 75 300
Rubidium 0.36 37000 7.5 1.5
Strontium 0.10 0.42 7.5 1.5
Molybdenum 0.70 7.9 30
Silver 0.32 7 3
Cadmium 0.57 2.5 1.5
Tin 0.43 45 . 150
Antimony 0.28 32 60
Iodine 0.68
Barium 3.21 1.3 30 12
Gold 0.11 17 15
Mercury 0.23 25 250
Lead 0.30 42 30 3
Bismuth 0.11 34 60
ICP-MS - Inductively Coupled Plasma-Mass Spectrometry 
ICP-AES - Inductively Coupled Plasma-Atomic Emission 
Spectrometry 
F-AAS - Flame Atomic Absorbance Spectrometry 
XRF - X-Ray Florescence
Table 2.5 : Comparison of Detection Limits 
(3o blank, ng.mL-1)
Source : * Potts (1987)? +Williams (1989).
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CHAPTER THREE
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3.1 Mineral Analysis of Foodstuffs
3.1.1 The Need for Mineral Analysis in Food Science
Growing concern about the importance of minerals to health 
has generated a need for more comprehensive information 
about the levels of minerals in foods, since this is the 
major source of exposure for humans. Background 
information concerning the naturally occurring levels of 
trace elements and their variations in foods is necessary 
for both nutritional and regulatory purposes (WHO, 1973). 
The quality of such information is of paramount importance 
since conclusions drawn from some analyses may have an 
important bearing on the health and well-being of the 
citizens of many countries, the degree of contamination of 
the environment or the economic value of goods in commerce 
(Boyer, 1986) .
Data derived from food analysis may be put to a variety of 
uses. From a nutritional viewpoint, information about the 
mineral content of foods can be used in formulating menus 
to meet specific dietary requirements. Similar data may 
be used by the toxicologist to examine possible toxic 
levels of exposure to one or more elements with a view to 
preventing potentially harmful future exposure. It may 
also be possible to detect contaminants in food supplies 
if the 'standard' composition is documented.
Adulteration of food through the addition of, for example, 
chalk to bread and copper sulphate to beer, has
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fortunately now been virtually eliminated, although such 
practices continued until the end of the 19th century 
(Crosby, 1977). Gross metallic contamination is now 
generally found to be due to some accident during the 
manufacturing process or occasionally to sabotage. The 
problem of contamination, however, cannot be totally 
disregarded. Toxic elements are present in foods to a 
greater or lesser extent as contaminants as a result of 
increasing industrialisation and associated pollution of 
the biosphere (Crosby, 1977). Thus, several factors may
w*/'
be identified which effect the mineral composition of 
foodstuffs (Maturu, 1980)
1) Inherent Factors
The trace element content of one type of food can vary 
considerably according to age and species. This is 
applicable to foods of both plant and animal origin. 
Greaves (1936) reported that the copper content of sixteen 
varieties of wheat grown in the same soil under similar 
conditions ranged from 5.0 - 16.7 mg/Kg.
2) Trace Element Content of the Soil
The mineral composition of the soil, determined largely by 
the underlying rock structure and the soil type may 
determine the amount of minerals which a plant absorbs 
beyond the level necessary for growth. The availability 
of an element in the soil may depend upon its oxidation 
state and the pH of the soil. This may affect the 
concentration of the element in fruits, vegetables and
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cereals as well as the amounts available to herbivorous 
animals in forage.
3) Geographical Location
Differences due to geographical location probably depend 
on contamination of water, air or soil with the element.
4} Fertilisers and Fungicides
Compounds containing trace elements are still among the 
most commonly used protective fungicides and fertilisers; 
the use of such fungicides and fertilisers may 
significantly affect the trace element content of 
agricultural crops.
5) Effect of Processing
The manner in which foods are handled and processed may 
considerably affect their trace element content. The 
choice of material for construction of equipment is 
important. Contamination with manganese can occur when 
using stainless steel (e.g. in the dairy industry), 
similarly with copper equipment which is used extensively 
in breweries and distilleries. Removal of the outer layer 
of grain in producing white flour is reported to result in 
the loss of 40-88.5% of seven essential trace elements 
(Schroeder, 1971).
The stages involved in the analysis of a foodstuff to 
determine its elemental composition were identified by 
Crosby (1977).
1) Obtain a representative sample.
2) Destroy organic matter.
116
3) Separate and concentrate sample if necessary.
4) Determine mineral composition by chosen method.
Liquid milk is a relatively easy commodity to sample, 
provided that the liquid is thoroughly mixed by repeated 
slow inversion of the container and the sample is not sour 
(Crosby, 1977).
A variety of methods are available to destroy organic 
matter; the new method developed to prepare liquid milk 
for ICP-MS analysis is described in section 3.4. 
Throughout the sampling, preparation/concentration and 
analysis stages, it is vital that all care be taken to 
avoid possible contamination of the sample. This problem 
was discussed in chapter two; further detail is provided 
by Boyer (1986) and Crosby (1977).
Most of the analytical techniques available give 
information on the total amount of the inorganic element 
present (Wolf, 1982). It has been recognised in recent 
years that in some circumstances it is important to 
identify the different chemical species of the elements 
existing in the foods. This aspect is particularly 
important when considering the biological role of species. 
The use of ICP-MS in food science is particularly 
promising, because it allows both total metal 
concentrations to be determined and isotopic information 
to be elucidated (Dean, 1989). In the experimental work 
reported here, the isotopic capability of ICP-MS was
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exploited, not from a speciation viewpoint but to check 
the precision of values obtained from several isotopes for 
one element.
However advanced analytical techniques may become, it 
should be appreciated that the value of tabulated 
information on trace element composition of foods is 
limited by many uncertainties regarding the nature and 
content of both organic and inorganic agents, which can 
markedly influence the availability of essential trace 
elements (WHO, 1973).
118
3.2 The Composition and Nutritional Value of Milk
3.2.1 Milk in the Diet
The role of milk as an almost complete food in sustaining 
life processes is well known; it occupies a special 
position among the many foods of vegetable and animal 
origin because it is the sole food for humans (as for all 
mammals) during the first part of their lives (Renner, 
1983). The high nutritional value of milk is a 
consequence of this and cow's milk is not only a complete 
food for young calves but is also an excellent food for 
babies and young children and a valuable food for adults 
(Fox, 1977). According to Yudkin (1976), liquid milk 
supplies 10% of the energy, 20% of the protein, 90% of the
calcium, 45% of the riboflavin and 25% of the vitamin A of
the average U.K. diet.
3.2.2. The Composition of Milk
Milk is a complex and unique secretion and despite much
research, there are still many aspects of it which are not
fully understood.
The whiteness of milk is due to colloidal casein; a yellow 
tint indicates association of carotene (vitamin A 
precursor) with the fat globules. The relative density 
(specific gravity) of cow's milk varies between 1.031 and 
1.032 at 16°c; its viscosity is twice that of water and 
the average freezing point is -0.555°c, but varies with
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the amount of water soluble components such as chloride 
and lactose and fluctuates between -0.535°c and -0.565°c 
(Kirchgessner, 1967).
The constituents of milk can be separated as shown in 
Figure 3.1.
TRIGLYCERIDES
LIPID FRACTION
MILK
WATER SOLUBLE 
FRACTION
OTHER FAT SOLUBLE COMPONENTS 
: phospholipids 
: sterols
: vitamins A, D, E , F, K 
: carotenoids
NON FATTY SOLIDS 
: non-protein nitrogen- 
containing substances 
: proteins 
: carbohydrates 
: vitamins B and C 
: minerals and trace elements
WATER
with dissolved gases O2 , N2 
and CO2
Figure 3.1 : Major Groups of Milk Constituents 
Source : Blanc (1981)
The percentage contribution of the various constituents of 
whole cow's milk differs slightly according to breed and 
age of cow, stage of lactation, type of feeding and 
environmental conditions such as climate, season and 
storage. Seasonal fluctuations and effects of milk
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processing and preservation may also affect the 
composition. Table 3.1 shows the typical composition of 
whole cow's milk for the major constituents.
Constituent Composition (g per 100 g)
Protein 3.2
Carbohydrate 4.7
Fat 3.8
Vitamins and 
Minerals
0.7
Water 87.6
Table 3.1 : Composition of Whole Cow's Milk
Source : Paul (1985) and National Dairy Council (1988)
Further details of each sub group are given in the 
appropriate section below.
3.2.3 The Fat in Milk
Milk is an oil in water emulsion containing 3.5-4% fat. 
The fat content of milk varies much more than any of the 
other constituents because the amount of fat in milk is 
influenced not only by breed and stage of lactation but 
also by the diet. Furthermore, it undergoes diurnal 
variations and changes during the course of a single 
milking (Iyengar, 1982).
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Total fat is generally found distributed among the various 
forms as follows:
Of total 3.9g (approx.) fat:
saturates 2. 5g
monounsaturates l.Og
polyunsaturates O.lg
trans fatty acids 0. 2g
Source : National Dairy Council (1988)
The fat phase in milk also contains fat-soluble vitamins, 
phospholipids, sterols and carotenoids. Fat droplets in 
milk have an average diameter of 5-lOpm (Fox, 1977) . 
Figure 3.2 illustrates the globular nature of the 
emulsified fat droplets.
A single droplet consists of a membranous coat of about 
0.02pm thick and a core that is pure glyceride material 
(Patton, 1969). The highly emulsified nature of milk fat 
means that it is digested more easily than any other fat. 
As described in section 3.4, the destruction of this fat 
caused considerable problems in the preparation of milk 
for ICP-MS analysis.
3.2.4 Protein in Milk
The 3.2-3.3g total protein present in milk consists of 
molecules so large that single molecules constitute 
colloidal particles dispersed through the aqueous phase of 
the emulsion i.e. a sol (Fox, 1977). This protein
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Figure 3.2
Source
Fat Globules in Milk
The large white circular structures are 
the fat globules, surrounded by smaller 
protein structures.
Photomicrograph supplied by AFRC 
Institute of Food Research, Reading.
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comprises three distinct forms; caseinogen, lactalbumin 
and beta-lactoglobulin accounting for 2.6%f 0.5% and 0.2%
of total protein respectively. Caseinogen is a complex 
material made up of at least four separate protein 
components; alpha, beta, gamma and kappa accounting 
respectively for 50%, 30%, 5% and 15% of the caseinogen
content. Caseinogen also contains calcium, magnesium, 
citrate and phosphate. The bound calcium and magnesium 
ions create a positive charge on colloidal caseinogen 
particles, thus stabilising the structure. The resulting 
sensitivity to pH changes accounts for the coagulation or 
clotting of the caseinogen (to form casein) in the low pH 
of the stomach in the presence of the enzyme rennin. 
Lactalbumin and beta-lactoglobulin are not coagulated by 
rennin but are denatured upon heating milk above 70°c, 
forming the characteristic 'skin' on hot milk. Cow's milk 
also contains about 5% non-protein nitrogen in the form of 
urea, uric acid, free amino acids, creatine, creatinine, 
ammonia, phospholipids and certain vitamins (Kirchgessner, 
1967). To prepare aqueous solutions for ICP-MS analysis, 
the large protein structures had to be broken down using 
strong mineral acids, as described in section 3.4.
3.2.5 Carbohydrates in Milk
The main carbohydrate in milk is known as lactose or 'milk 
sugar', since, like casein, it is unique to the milk of 
certain mammals and is distinguished by its lack of
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sweetness compared to other sugars. Other forms of sugar 
are present only in small quantities. These include 
galactose, glucose and a few nitrogen containing 
carbohydrates. Lactose is a disaccharide, composed of one 
molecule of galactose and one molecule of glucose. It is 
the presence of this sugar which accounts for the souring 
of milk. The bacteria, lacti bacilli, naturally present 
in milk, bring about the breakdown of lactose into sour- 
tasting lactic acid which causes the subsequent curdling 
of the milk. In contrast to fat, the sugar content of 
milk is not easily influenced by diet.
3.2.6 Vitamins in Milk
Milk contains some twelve vitamins found either dissolved 
in the fat globules or in the aqueous phase. Table 3.2 
shows typical values for the range of vitamins found in 
whole cow's milk.
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Vitamin Amount per lOOg milk
Vit. A (retinol) 52pg
Vit. Bi (thiamin) 0.04mg
Vit. B2 (riboflavin) 0.17mg
Nicotinic acid 0.08mg
Vit. Be (pyroxidine) 0.06mg
Folic Acid 5pg
Vit. Bi2 (cyanocobalamin) 0.4pg
Pantothenic acid 0.3mg
Biotin 2pg
Vit. C (ascorbic acid) 1.5mg
Vit. D (calciferol) 0.03pg
Vit. E (tocopherol) 0.08mg
Table 3.2: Vitamins in Milk
Source: Adapted from National Dairy Council (1988) .
The amounts of the 'major' vitamins in milk, vitamins A 
and D, are greatest in summer when the cow's are feeding 
on fresh pasture and are exposed to sunshine to produce 
natural vitamin D, cholecalciferol.
3.2.7 The Mineral Composition of Milk
Table 3.3 outlines the average mineral composition of 
whole cow's milk. A detailed survey of reported values 
for major, minor, trace and ultratrace elements is given
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in section 3.3.
Element Amount per lOOg milk
Calcium 115mg
Chlorine lOOmg
Copper 3pg
Iodine 30pg
Iron 0.05mg
Magnesium llmg
Phosphorus 90mg
Potassium 130mg
Selenium 2ug
Zinc 0.4mg
Table 3.3: Summary of the Mineral Composition of Milk 
Source: National Dairy Council (1988).
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3.3 Multi Element Analysis of Pasteurised Milk
3.3.1 Introduction and Literature Review
The contribution made by milk to the recommended daily 
intake of protein and calcium is well documented. Yudkin 
(1976) suggests values of 20% and 90% respectively. 
Discrepancies exist in the literature concerning the 
importance of milk as a source of trace elements. Gurr 
(1988) stated that cow's milk contains all the trace 
elements regarded as essential and several others which 
probably occur as a consequence of the contact of milk 
with pipework and machinery during processing. In order 
to establish whether or not milk may be regarded as a 
'significant' source of a particular trace element, Gurr 
set an arbitrary level of 20% or more contribution to the 
average daily intake of that element by milk. Using such 
a criterion and the data presented, Gurr deduced that milk 
could be regarded as a significant source of cobalt, 
iodine and zinc, with chromium and nickel on the 
borderline. Iyengar (1982), however, stated simply that 
milk is deficient in most of the essential trace elements 
with respect to the requirements of the growing calf. 
Renner (1983) embraced both extremes. He states: milk and 
milk products contribute very variable amounts to the 
total intake of trace elements, 30-40% of the iodine 
intake, 20-30% of that of zinc, cobalt, chromium and 
nickel, 5-10% of that of copper, fluorine and selenium and 
an even lower proportion of that of iron (approximately
128
3%) and manganese. It should be pointed out that only a 
small fraction, namely, 2-10% of the heavy metals lead and 
cadmium come from milk.
As discussed in chapter one, there is still discussion 
about the levels of trace elements that should be 
recommended as safe and adequate. The United Kingdom, 
along with many other countries, has no official
guidelines on the Recommended Daily Amounts of the 
majority of trace elements. Until such values are given 
and there is a greater degree of agreement between 
analysts on the mineral composition of foods, such
differing views will continue to be expressed by authors.
In the current edition of McCance and Widdowson's 'The 
Composition of Foods' (Paul, 1985), values are given for 
only ten minerals (sodium, potassium, calcium, magnesium, 
phosphorus, iron, copper, zinc, sulphur and chlorine). For 
most elements, an average value is given together with a 
suggested range of values. There is a surprising lack of 
information in the literature about the levels of trace 
and ultratrace elements found in milk. This may be
because the importance of such elements in the diet is
only just being fully recognised or because until quite 
recently the analytical instrumentation available did not 
allow for accurate determination of the low levels of 
these elements.
Mineral elements may be present as a constituent of the
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milk during processing. There is particular concern about 
traces of elements entering milk as contaminants through 
contact of the liquid with milking equipment or with 
pipework and machinery during processing. Such
contamination may be nutritionally beneficial e.g. copper 
pipework may increase the copper content of the milk. 
Conversely, contamination with lead may be harmful if it 
is allowed to reach any significant level. The values 
given in 'The Composition of Foods' {Paul, 1985) are 
intended only as guidelines for those involved in planning 
diets and as such the average values quoted are taken as 
satisfactory. It is sometimes necessary, however, to have 
a more detailed composition available to analyse and 
examine differences occurring in, for example, the dietary 
intakes of populations in distinct geographical areas. It 
is known that several dietary based conditions occur more 
frequently in some areas than others and various examples 
of such cases have been shown to be linked to deficiencies 
or excesses of mineral elements occurring naturally in the 
local soil and water and subsequently in the food supply, 
as described in chapter one. Although these occurrences 
are well documented, studies in the problem areas have 
tended to concentrate solely on the soil and water 
supplies, with little work carried through to examine 
local produce as it is consumed by the general population. 
If variations are noted in herbage and water, it seems 
likely that these will be reflected in the food supplies,
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particularly in a first stage product such as milk. Thus, 
the aims of this study are as follows:-
1) To collect on a regular basis samples of pasteurised 
full cream milk from a representative sample of processing 
dairies in Britain.
2) To develop a means of preparing a solution of milk
suitable for analysis by conventional nebulisation ICP-MS.
3) To determine the levels of the following range of
elements in the milk samples collected on a monthly basis
using ICP-MS as the means of analysis.
Major Elements Ultratrace Elements
sodium manganese
magnesium chromium
phosphorus cobalt
potassium nickel
calcium selenium
Trace Elements Possible Toxic Elements
iron aluminium
copper cadmium
zinc mercury
lead
4) To analyse the data thus generated to identify any
significant differences occurring in elemental composition 
of milk as a result of variation in area of origin of the
sample or according to time of year.
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Notes on the values given below for elements in milk:-
1) In the values taken from Iyengar (1982), the term 
•market milk' refers to a product usually consisting of 
cow's milk from dairies, although in some parts of the 
world, it might include milk from other species.
2) To allow for strict comparison of data between sources, 
a factor of 1.031 (the relative density of milk) may be 
applied to the values given in pg.mL-1 or pg.g-1 
accordingly.
Aluminium
Although aluminium (Al) is not known to be an essential 
element (rather, a possibly toxic element, see chapters 
one and four) it has been found in appreciable amounts in 
some milks. In cow and market milk samples, the 
concentrations of Al range from 800 to 2000jjg per kg (0.8 
to 2.0Mg.g-1). A suggested mean value is lOOOpg per kg 
(1.Opg.g-1 ). Renner (1983) suggests a mean value of 
600pg/L (0.6Mg.mL_1), with a range of 150 to lOOOpg/L
(0.15 to l.Opg.mL-1).
Cadmium
Although much data is available for the cadmium content of 
market and cow milk, it is difficult to arrive at a 
meaningful average value for this element because of what 
appear to be true regional variations. However, it cannot 
be entirely ruled out that some of these variations may 
have been due to analytical errors (Iyengar, 1982) .
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Cadmium in cow's milk has been found to range from 
O.lpg per kg {0.0001|jg*g-1 ) in samples from the USA to 
over 100|jg per kg (O.lijg.g-1) in Bulgarian samples. Lopez 
(1985) reported cadmium in pasteurised cow milk to be 
below the detection limit of atomic absorption 
spectrometry at <0.OOlmg/lOOmL (0.OlMg.mL-1 ).
Cadmium plating was at one time used to protect copper and 
brass fittings in dairy equipment and also as an anti-rust 
agent for iron and steel. However, in normal processing 
conditions, milk does not come into contact with cadmium; 
likely sources of contamination are through the cow 
ingesting cadmium from fodder and water. Jarrett (1979) 
reported a mean of 0.006mg/L (0.006pg.mL~1 ) cadmium in 
unpolluted market milk and 0.015mg/L (0.015pg.mL-1 ) in
polluted market milk and again stressed the variability in 
values according to country and region.
Renner (1983) suggests a mean value of 4Mg/L 
(0.004pg.niL"1 ) cadmium with a range of 1 to 30|jg/L (0.001 
to 0.03ng.mL“1 ) again noting the possibility of true 
regional variation as well as discrepancies in analysis.
Calcium
A review of the literature shows that calcium has been the 
major element of interest in milk. Iyengar (1982): In cow 
milk, with the exception of two high values, the majority 
of the results from several countries lie within a narrow 
range of 1100 to 1300mg per Kg (1100 to 1300|jg.g-1 ) . Lopez
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(1985) reports a range of 101 to 169 mg/lOOg (1010 to 
1690Mg.g-1) whilst Renner (1983) suggests a range of 0.9 
to 1.4g/L (900 to 1400pg.mL“1 ) with a mean of 1.21g/L
(1210|jg.mL-1 ) . 20% of the calcium (and phosphorus) in
milk is bound to casein in the form of a calcium caseinate 
complex. Approximately 50% of the calcium is in colloidal 
inorganic form and the remaining 30% is in the form of 
calcium ions in solution (Renner, 1983). For most people, 
milk provides the major supply of calcium in the diet. It
is considered the most useful source of the mineral
because some of the calcium is bound to protein (calcium 
caseinate) and is most easily utilised by the body in this 
form. Some of the other components of milk, namely 
lactose, protein, vitamin D and citric acid promote the 
absorption of calcium, making efficient utilisation of 
ingested supplies. The range of values given for calcium 
would be expected to be fairly narrow since calcium in 
milk is believed to be genetically determined for a given 
species (Iyengar, 1982). Values outside such limits may 
be due to analysis of milk samples taken towards the end
of lactation which tend to have a generally lower mineral
content.
The calcium content of milk is not influenced by diet and 
when body stores of the element become depleted, it is the 
yield of milk and not the composition which is affected. 
The fat content of milk can also affect the total calcium 
content since the membrane of fat globules has a
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relatively high calcium content (Kirchgessner, 1967).
Chromium
Iyengar (1982) comments that determination of chromium 
(Cr) is associated with serious analytical problems. Few 
researchers have included Cr in milk analyses, possibly 
for this reason. Iyengar's compilation includes values 
from not detectable to over 200pg per kg (0.2pg.g_1) for 
market milks. Values for whole cow's milk range from 3.2 
to 40 pg per kg (0.0032 to 0.040pg.g-1 ). In his study of 
seventeen elements, Lopez (1985) found Cr to be below the 
detection limit of the AAS instrument used for the study 
at <0.003mg/100mL (<0.003pg.mL-1 ). Renner (1983) found a 
mean concentration of 17pg/L (0.017pg.mL“ 1 ) with a range 
of 5 to 50pg/L (0.005 to 0.05pg.mL~1 ) in his survey of 
literature values. Meranger (1972) calculated that market 
milk contributed 19.5% to the total dietary chromium. 
Chromium, although a natural trace constituent of milk, 
may occur as a contaminant from the use of chromium 
containing detergents for cleaning dairy utensils. 
Underwood (1971) reports a mean value for cow's milk of 
0.013mg/L (0.013pg.mL~1 ). More recently, Gunshin (1985) 
found an average of 13.4ng.g-1 (0.0134pg.g-1 ) in five
brands of market milk using polarised Zeeman AAS with 
electrothermal vaporisation as the means of sample 
introduction. A survey conducted by the International 
Dairy Federation in 1987 and reported by Gurr (1988) 
suggests a range of 1 to 20pg/kg (0.001 to 0.02pg.g-1 ) in
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cow's milk.
Cobalt
The cobalt (Co) content of cow's milk is influenced by 
dietary supplementation, which also causes an increase in 
the vitamin Bi2 content of the milk of which cobalt is a 
constituent (cyanocobalamin). There appears to be
generally low levels of Co in cow's milk - Iyengar (1982) 
found a range of reported values of 0.3 to 0.8|jg per kg 
(0.0003 to 0.0008pg.g“1 ). Gunshin (1985) found a rather 
higher mean value of 2.64ng.g~1 (0.00264Mg.g~ 1 ) in market
milk whilst Gurr (1988) and Jarrett (1979) suggest ranges 
of 0.3 to l.lpg/kg (0.0003 to 0.0011|jg.g"1 ) and 0.4 to 
l.lpg/L (0.0004 to 0.OOlljjg.g-1 ) respectively. Renner 
(1983) reported a mean value of 0.8pg/L (0 . 0008(jg.mLr 1 )
with a larger range of 0.1 to 2|jg/L (0.0001 to 
0.002gg.mL~1 ).
Copper
The copper content of milks has been widely investigated 
and numerous analyses are to be found in the literature. 
Iyengar (1982) suggests an average of lOOpg per kg 
(O.lpg.g-1) for cow and market milk although tabulated 
values in this work range from 23 to 400pg per kg (0.023 
to 0.4|jg.g_1) for market milk and 0 to 4000pg/kg (0 to
4.0Mg.g“1 ) for cow's milk. Lopez (1985) found a
similarly large range of values of 0.003 to 0.22 mg/lOOg 
(0.03 to 2.2jjg.g~1 ) . Renner (1983) calculated a mean
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value of 120|jg/L (0.12Mg.mL-1 ) with a range of 10 to
700jjg/L (0.01 to 0. 7pg.inL-1 ) in his compilation of 
literature values. Jarrett (1979) and Gurr (1988) give 
similar ranges. Copper is present naturally in milk, 
predominately in the fat phase, concentrated at the 
surface of the fat globule. A wide range of values for 
copper in milk is to be expected for two reasons. Firstly, 
differences will be associated with the fat content of the 
sample taken, as outlined above. Secondly, it is known 
that the level of copper in cow's milk is subject to 
seasonal variation. Kiermeier (1961) found that milk from 
the winter months contained 60% more copper than in summer 
months.
Iron
Milk and milk products are poor sources of iron; liquid 
milk contributes only 3% to the total adult diet. It is 
present naturally in lactoferrin and the fat globule 
membrane. Iron accelerates lipid oxidation in milk, and 
is likely to cause a tallowy flavour in milk and butter. 
The amount of iron in milk can be more than doubled 
through contamination by storage in metal containers. 
Jarrett (1979) reports a mean value of 0.37mg/kg 
(0.37jjg.g~1 ) with a range of 0.21 to 0.73mg/kg (0.21 to
0.73jjg.g_ 1 ) . Gunshin (1985) found a mean of 0.218Mg.g_1 
iron in a survey of market milks, slightly lower than that 
of Jarrett. The 1987 questionnaire from the International 
Dairy Federation, reported by Gurr (1988), found enormous
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variation in iron in milk, ranging from 12 to 3000gg/kg 
(0.012 to 3. 0|jg.g“1 ) . Renner (1983) also found widespread 
values : 60 to lOOOpg/L (0.06 to l.Opg.mL-1) with a mean
of 530jjg/L (0. 53jjg.mL-1 ) . Lopez (1985) and Iyengar (1982) 
confirm this variability giving ranges of 0.021 to 
0.635mg/100g (0.21 to 6.35pg.g_:l) and 125 to 4940|jg.kg
(0.125 to 4.94pg.g“1 ) in cow's milk respectively.
Lead
Lead in milk has been studied by a number of workers, 
probably because of its potential toxicity to biological 
systems. Lead is not a natural constituent of milk, 
although it is invariably present as a contaminant. It 
may enter milk supplies in a number of ways. Jarrett 
(1979):
1) Air containing lead dusts from manufacturing processes 
and mining.
2) Fall-out from vehicle exhausts.
3) Lead in water supplies.
4) Compounds containing lead used in agriculture.
5) Direct contamination of products during processing and 
storage.
6) The habit of cows licking metal objects or gnawing or 
licking painted surfaces (declining due to elimination of 
lead in paint).
Concern about the effects of lead to health led the World 
Health Organisation (WHO) to set a recommended maximum
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level for lead in milk at 0.2mg/kg (0.2pg.g_1) (Jarrett, 
1979).
The International Dairy Federation (Jarrett, 1979) suggest 
an estimate of lead in milk to be 2 to lOpg/kg (0.002 to 
0.Olpg.g-1 ). Other workers have reported the following 
values which are generally in excess of those considered 
acceptable by WHO. Renner (1983) : 2 to 70pg/L (0.002 to
0. 07|jg.mLr 1 ) with a mean of 30pg/L (0 . 03pg.mLr 1 ) . Lopez 
(1985): 0.035mg/100mL (0.35pg.mL-1 ). Iyengar (1982): 25
to 50pg per kg (0.025 to 0.05pg.g_ 1 ).
Magnesium
Iyengar (1982) reports that market milk contains between 
75 and lOOmg per kg (75 to lOOpg.g-1 ), which is about 20% 
less than cow's milk at 100 to 120mg per kg (100 to 
120pg.g~1 ). This trend is also observed with calcium and 
is possibly due to dilution of milk during preparation for 
sale. Lopez (1985) reports literature values ranging 
from 7.9 to 14.0mg/100g (79 to 140gg.g-1 ), with a mean of 
12.21mg/100g (122.lpg.g-1 ) in his own analysis of
pasteurised cow's milk. Renner (1983) reports an even 
wider range: 0.05 to 0.24g/L (50 to 240pg.mL“1 ) with a
mean of 0.12g/L (120pg.mL“1 ). Paul (1985) gives a range 
of 9 to 14mg/100g (90 to 140pg.g_1) with a mean of
12mg/100g (120Mg.g-1).
Manganese
Iyengar (1982) suggests a range of 30 to 60pg per kg (0.03
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to 0.06pg.g-1) for manganese in market milk; higher values 
have been found which are attributed to contamination from 
external sources such as air dust.
Gurr (1988) reports a narrow range of 20 to 30pg/kg (0.02 
to 0.03pg.g-1) which he suggests is almost certainly due 
to contamination. He also gives the International Dairy 
Federation questionnaire range of 18 to 820pg/kg (0.018 to 
0.82Mg.g-1 )•
Pooling the mean values presented by Jarrett (1979) gives 
a value of 0.026mg/L (0.026jjg.mlr1 ) . Jarrett also
calculates that milk provides only 2 to 3% of the daily 
dietary total of the element. Gunshin (1985) found a mean 
of 25.2ng/g (0.025pg.g_1 ) in a survey of Japanese market 
milks whilst Lopez (1985) found a considerably higher mean 
concentration of 0.007mg/100mL (0.07|jg.mL-1 ) . Renner
(1983) again reports a large range of values: 10 to
280pg/L (0.01 to 0.28pg.mL“1 ) with a mean of
50pg/L(0.05pg.mL-1 ).
Mercury
Milk may be contaminated with mercury through drinking 
water and fodder and also through the use of mercury 
containing pharmaceuticals for the cow. Disinfectants 
used in milk handling may result in direct contamination 
of the milk. Jarrett (1979) gives a mean value of 
0.002mg/kg (0.002pg.g~1 ) for mercury in milk. Renner
(1983) found a range of 1 to 15pg/L (0.001 to
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0.015Mg.mL“1 ) with a mean of 4|jg/L (0.004pg.mL-1 ). 
Iyengar (1982) found widely varying concentrations of 
mercury in cow and market milk. Values of 40 to 80pg per 
kg (0.04 to 0.08pg.g_1) found in Puerto Rican market milk 
were considered to be due to analytical difficulties. The 
majority of data available suggest that mercury is present 
in cow and market milk in the order of 1 to 2pg per kg 
(0.001 to 0.002|jg.g_ 1 ) . Values higher than this are 
probably due to contamination - mercury may enter the 
cow's system through the use of pharmaceuticals containing 
mercury or through residues from treatment of fodder with 
mercury containing residues.
Nickel
Nickel is a normal constituent of milk but not a natural 
one; its presence is due to contamination, often from 
milking machines, metal containers and pipes. Reported 
ranges for nickel in cow milk vary over a tenfold
range, but most workers suggest a narrower range of 10 to 
30|jg per kg (0.01 to 0.03pg.g-1) (Iyengar, 1982). The 
International Dairy Federation questionnaire reported by 
Gurr (1988) gives a range of 1 to llOpg/kg (0.001 to
0.HOjjg.g-1 ) , although it occurs principally as a 
contaminant of the milk. Gunshin (1985) found a mean of 
9.68ng/g (0.00968pg.g-1 ) in a survey of five market milks. 
Lopez (1985) reports of studies finding between 0.003 and 
0.004mg/100g (0.03 to 0.04pg.g-1 ) and in his own study
found 0.079mg/100mL (0.79pg.mL"1). Renner (1983) again
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reports a wide range of literature values, 0 to 50ng/L (0 
to 0 . 05|jg/mL- 1 ) with a mean of 25pg/L (0.025pg.mL“1 ).
Phosphorus
A general feature of the content of milk of any species is 
that it does not vary much within a given species. Paul 
(1985) gives a range of 90 to lOOmg/lOOg (900 to 
lOOOpg.g-1) with a mean of 95mg/100g (950pg.g_1).
Lopez (1985) found a mean of 85.21mg/100mL (852.Ipg.mL-1 ) 
phosphorus in pasteurised cow's milk and calculated that 
it provides an average 25% of the Recommended Daily Amount 
(RDA). The average value for market milk at 850mg per kg 
(850pg.g-1) falls slightly below that of cow's milk at 900 
to lOOOmg per kg (900 to lOOOMg.g-1) (Iyengar, 1982). 
Renner (1983) found similar values with a range of 0.7 to 
1.2g/L (700 to 1200pg.mL“1 ) with a mean of 0.95g/L
(950|jg.mL“1 ) for cow's milk, illustrating the narrow range 
of mean values within the species.
Potassium
The concentration of potassium in cow's milk falls 
typically in the range 1400 to 1600mg per kg (1400 to 
1600pg.g“1 ) while that of market milk is slightly less at 
1300 to 1400mg per kg (1300 to 1400|jg.g“1 ) , a trend which 
has been seen with the other major elements in milk 
(Iyengar, 1982). A study of cow's milk in Sweden, 
reported by Lopez (1985) found 159mg/100g (1590|jg.g“1 ) of 
potassium in cow's milk, towards the higher end of the
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range of values reported by other workers. Renner (1983) 
gives a surprisingly large range of 1.0 to 2.0g/L (1000 to 
2000|jg.inL“1 ) with a mean of 1.5g/L (1500pg.mL“ 1 ) .
Selenium
Reported levels of selenium in cow and market milk vary 
widely. One of the main reasons for this might be the 
wide variation in geographical distribution of this 
element in nature as discussed in chapter one.
Bisbjerg (1970) reported that Se concentrations in milk 
samples collected from various farms were correlated with 
the soil content of selenium. Further losses might occur 
during heat treatment since selenium is labile upon 
exposure to heat. Iyengar (1982) reports a range of 4.5 
to 440pg per kg (0.0045 to 0.44pg.g-1 ) for selenium in 
cow's milk.
Selenium is a normal trace constituent of milk, although 
milk is relatively low in the element compared to other 
foods. Milk contributes some 6-10% of the dietary intake 
of selenium (Renner , 1983). Jarrett (1979) also mentions 
the wide in relation to soil content of selenium and 
quotes values ranging from 0.005 to 0.067mg/L (0.005 to 
0.067pg.mlr1 ) noted in a survey of milks in Oregon, USA.
Sodium
Sodium in cow's milk has been widely studied and values 
given by different authors tend to agree to some extent.
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Iyengar (1982) suggests a range of 400 to 500mg per kg 
(400 to SOOjjg.g-1) as typical of most cow's milk. Lopez 
(1985) found quite high values in his study of an average 
49.56mg/100mL (495.6pg.mL“1 ) and calculated that at such
levels, milk can contribute 11.7% of the RDA with one 
237mL serving. Renner (1983) gives the widest range found 
in any literature compilation of 0.3 to 0.7g/L (300 to
700|jg.mL“ 1 ) with a mean of 0.47g/L (470gg.mL“1 ) .
Zinc
Zinc is present naturally in milk as zinc metalloenzymes 
and in casein micelles partly as colloidal calcium 
phosphate. The element has been extensively studied in 
milk. Iyengar (1982) reports a fairly narrow range of 3 to 
5mg per kg (3 to 5Mg.g-1). Pooling of milk supplies tends 
to even out any differences and market milk almost 
invariably has a zinc content of around 4mg per kg 
(4Mg.g_1). Zinc in milk is to some extent related to 
dietary intake but is also subject to some biological 
control as it is a very important element for the newborn 
animal. Lopez (1985) and Jarrett (1979) present mean 
concentrations of zinc in milk similar to those compiled 
by Iyengar (1982). Gurr (1988) presents one range of 
values which agree with the majority of data and one from 
the International Dairy Federation questionnaire which 
show a particularly large spread of 1600 to 12 130|jg/kg
(1.6 to 12.13pg.g_ 1 ). The higher values may well be due
to contamination from storage in metal cans, although such
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a problem is decreasing due to the declining use of 
galvanised iron pipes and containers.
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3.4 Preparation of Milk for ICP-MS Analysis
3.4.1 Introduction
Ideally, it would be preferable to analyse for an element 
or range of elements in an organic matrix without having 
to destroy the matrix. This would thus eliminate the 
following problems:
1) Contamination from reagents and apparatus used to 
destroy the matrix.
2) Loss of sample through transfer between containers.
In the case of samples which are already liquid, direct 
analysis may be possible or a simple aqueous dilution of 
the sample can be made. In the early stages of this work, 
direct aspiration of full cream liquid milk into the 
ICP-MS instrument was attempted. Observation of the 
sample in the spray chamber showed that 'drop out' of some 
component of the milk was occurring causing blockage of 
the sampling cone, noticeable through a sharp decline in 
instrument signal. In an attempt to avoid destruction of
the organic matter, a sample of full cream milk was 
introduced at several dilutions. Table 3.4 shows the 
counts (ACPS, area counts per second) obtained for a 
number of dilutions. The data have been multiplied by the 
appropriate dilution factor for comparison. The effects 
of the various dilutions are shown in Figure 3.3.
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Figure 3.3 : The Effects of Several Levels of Aqueous 
Dilutions of Whole Milk and Response for 
4- Elements.
14-7
Area Counts Per Second (ACPS)
Dilution
Factor
Calcium Magnesium Iron Zinc
100
mean cnts 
x 100
4258
425800
87924
8792400
1566
156600
1699
169900
50
mean cnts 
x 50
7134
356700
144612
7230600
2464
123200
2811
140550
20
mean cnts 
x 20
14457
289140
276855
5537100
4300
86000
5427
108540
1
mean cnts 25832 463324 7763 8240
Table 3.4: Elemental Response in Area Counts per Second 
for Full Cream Milk at Several Dilutions.
Values are converted back to full concentration 
for comparison.
The erratic nature of these results is thought to be due 
to the irregular globular structures of the fat components 
in milk with which some of the major mineral components 
are associated. It was, therefore, considered necessary 
to solubilize the organic material.
3.4.2 Development of a Wet Ashing Method for Liquid Milk
1'Wet ashing1 refers to destruction of the organic matrix 
by reaction with oxygen produced by one or more reagents, 
such as nitric acid (HNO3 ), sulphuric acid (H2 SO4 ),
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perchloric acid (HCIO4 ) or hydrogen peroxide (H2O2 ) in 
solution.1 (Boyer, 1986). Crosby (1977) lists some 
advantages and disadvantages of wet-ashing (wet-oxidation) 
methods:
Advantages
1) Applicable to a wide variety of sample
2) Fairly rapid
3) Not prone to either volatilisation or retention losses 
Disadvantages
1) Cannot handle very large samples
2) Require constant supervision (potentially hazardous)
3) Uses relatively large volumes of reagents, leading in 
some instances to high blank values.
Many recommended methods for dissolving food substances 
use some combination of nitric and sulphuric acids; 
descriptions of such methods can be traced back to 1841 
(Bock, 1979). Sulphuric acid, however, should be avoided 
wherever possible in the preparation of samples which are 
to undergo ICP-MS analysis since the acid tends to cause 
polyatomic interference problems and rapid degradation of 
the sampling cone (Gray, 1986d).
The procedure described below uses three oxidising agents; 
nitric and perchloric acids and hydrogen peroxide. 
Aristar grade reagents (BDH, Poole, Dorset, U.K.) or 
similar should be used throughout to avoid the 
introduction of contamination. The trace impurities in
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each of these reagents were listed in chapter 2.
All work is carried out in a fumehood which is designed to 
be used with perchloric acid. This should be constructed 
entirely of non-inflammable materials, e.g. stainless 
steel. Appropriate precautions must be taken to protect 
the handler, including laboratory coat, safety spectacles 
and gloves. The safety shield of the fumehood should be 
opened as little as possible and fully closed during the 
heating process. Figure 3.4 illustrates a perchloric 
fumehood set up for this purpose.
lmL of the milk sample is pipetted carefully into an acid 
washed 50mL PTFE beaker, cleaned in accordance with the 
procedure described in chapter two. Care should be taken 
to transfer the correct volume as milk tends to foam 
easily. The sample is then heated gently on an open hot­
plate to reduce the water content of the sample. This is 
done so that the full effect of the concentrated acid is 
used; excess water would dilute the acid and reduce its 
oxidising power. The milk should not be allowed to boil 
rapidly as this leaves a ‘scum’ of sample around the 
beaker which is difficult to incorporate into the digest 
mixture. Before proceeding, the sample should be allowed 
to cool slightly.
5mL of 70% V/V HNO3 is then added and the beaker is 
swirled gently to mix the acid with the milk. The sample 
is then returned to the hot-plate and the temperature
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Figure 3.4 : A Fumehood Suitable for Perchloric Acid Use 
with the Equipment and Reagnets used in the 
Preparation of Milk Samples
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gradually increased until a gentle boil is maintained. 
Nitric acid boils at about 120° c which means that it tends 
to evaporate before the reaction has been completed. 
However, it does have the advantage that excess acid is 
readily removed from the final sample (Crosby, 1977) . The 
mixture is kept boiling for about 30 minutes or until the 
evolution of brown nitrogen dioxide fumes (NO2 ) ceases and 
approximately lmL of a colourless liquid remains. If the 
mixture is still a strong yellow colour, it is probable 
that small amounts of organic material are still present. 
Further HNO3 should be added to the sample in lmL aliquots 
and heated as before until the colour is lost completely. 
As there is always the possibility of forming potentially 
explosive nitrogenous compounds, appropriate handling 
precautions should be taken as a safeguard.
Some methods suggest adding nitric acid and perchloric 
acids to samples already mixed, although it is usually 
considered safer to add the nitric acid first to destroy 
easily oxidisable organic components and thereby minimise 
the risk of explosion (Bock, 1979). The mixture is again 
allowed to cool slightly before adding 5mL 70% V/V 
perchloric acid (HCIO4). Heating should then proceed as 
for the addition of nitric acid, although a higher 
temperature is required since HCIO4 boils at around 200°c. 
The samples should be brought up to this temperature 
gradually.
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Dilute aqueous solutions of HCIO4 are not oxidising either 
in the cold or when warmed therefore it is necessary to 
use the more concentrated acid which becomes a powerful 
oxidising agent when hot (Analytical Methods Committee, 
1959). Perchloric acid should not normally be used for 
oxidising organic materials with which it is highly 
reactive but immiscible, as the reaction is localised in 
the zone of contact. It should therefore not be used for 
oxidising materials containing much fat until any excess 
of fat has been removed, since local over-heating cannot 
be controlled and the temperature may rise dangerously 
(Analytical Methods Committee, 1959). When the mixture 
has been reduced to approximately lmL and no further white 
fumes are evolved, the beakers are removed and allowed to 
cool.
The final stage in the digestion is to add 5mL of 30% 100 
vol. hydrogen peroxide (H2O2 ) and return the samples to 
the hot-plate at a very gentle heat. The samples are then 
gradually reduced once more to approximately lmL taking 
care that evolution of any gases is not sufficiently 
violent as to effect sample loss. Adding the H2O2 
solution at the end of the oxidation process aids its 
action as its redox potential is increased in an acidic 
environment. Hydrogen peroxide is suited to this type of 
analysis by virtue of the fact that it is practically free 
from trace metals (as shown in the manufacturers analysis 
given in chapter two). Another advantage of the use of
H2O2 is that the only decomposition product other than 
oxygen is water.
Care must continue to be exercised at this final stage as 
any incompletely oxidised organic compounds are capable of 
reacting violently with H2O2 . The resulting clear, 
colourless solution should be left to cool completely and 
then diluted for analysis as described in section 3.5. The 
validity of the above method was assessed by analysing a 
dried milk reference material. The method and results 
were recently published (Emmett, 1988).
3.4.3 Preparation of Reference Material
In order to check the validity of the data obtained for 
all the milk samples analysed, a reference material was 
included in every batch of preparations and analyses. A 
quantity of Reference Material A-ll (dried milk powder) 
was obtained from the International Atomic Energy Agency 
(IAEA) in Vienna. IAEA describe the material as follows: 
!A batch of approximately 40kg of milk powder 
(industrially prepared from fresh skim-milk by spray 
drying) was homogenised at the Agency's Laboratory by 
mixing in a rotating plastic drum for 24 hours. Portions 
of about 25g of this material were then distributed in 
plastic bottles. The homogeneity was checked by 
determining the concentrations of some typical elements in 
several sub-samples taken from one bottle and comparing 
the results with those for sub-samples taken from various
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bottles chosen at random.1
The values given for this material by the IAEA are based 
on the dry weight of the material. In order to compare 
results obtained in this work with published values, the 
moisture content of the powder was determined by drying at 
85°c for 20 to 24 hours, in accordance with the advice 
given by the IAEA. Using this method, the material was 
found to contain 0.24% moisture. A correction factor was 
subsequently applied to the various weights of material 
prepared during the monthly analyses. Values for some 
forty elements are given in the original certificate which 
accompanied the reference material. These are divided 
into the following categories:- recommended with a 
'satisfactory' degree of confidence (7 elements), an 
'acceptable' degree of confidence (7 elements) or 'for 
information only' (26 elements). In January 1989, a new 
set of values for A-ll milk powder were produced by the 
IAEA and circulated to laboratories using the material. 
Table 3.5 shows a compilation of the original and revised 
data for elements in A-ll which have been included in this 
study.
155
Element
Original Value 
mean ± SD
New Result 
mean ± SD
A1 l.3pg/g (ivo) -
Cd 526 ± 683ng/g (ivo) 1.7 ± 0.2ng/g
Ca 1.29 ± 0.08 wt% (a) -
Cr 257 ± 262ng/g (ivo) 17.7 ± 3.8ng/g
Co 5 ± lng/g (a) 4.5 ± 0.8ng/g
Cu 838 ± 450ng/g (a) 378 ± 31ng/g
Fe 3.65 ± 0.76(jg/g (s) -
Pb 267 ± 255ng/g (ivo) 54 ± lOng/g
Hg 0.110 ± 0.008 wt% (s) -
Mn 377 ± 177ng/g (s) 257 ± 6ng/g
Hg 2.53 ± 0.7ng/g (ivo) 3.2 ± 0.6ng/g
Ni 931 ± 920ng/g (ivo) 54 ± 28ng/g
P 0.910 ± 0.102 wt% (a) -
K 1.72 ± 0.10 wt% (s) -
Se 33.9 ± 7.2ng/g (s) -
Na 0.442 ± 0.033 wt% (s) -
Zn 38.9 ± 2.3pg/g (s) -
ivo = information value only
s = satisfactory degree of confidence 
a = acceptable degree of confidence
Table 3.5 : Comparison of Original and New Results for 
A-ll Milk Reference Material 
Source : IAEA, Vienna (1980 and 1989)
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A minimum of lOOmg of A-ll powder was accurately weighed 
into a PTFE beaker and moistened with a few drops of 
deionised water. This was then heated very gently to 
produce a form of milk paste. The sample was then treated 
in exactly the same way as the liquid milk samples, 
although it was necessary to dilute the sample to a 
greater degree for ICP-MS analysis. Further details are 
given in section 3.5. Results of the analysis are given 
in section 3.6.
3.5 Sampling and Analysis
3.5.1 Supply of Milk Samples for Analysis
At the outset of this study, the intention was to obtain 
samples of milk from as many areas as possible to form a 
representative distribution for England, Scotland and 
Wales. It was soon apparent that this was not feasible, 
as the majority of organisations involved in the supply of 
liquid milk were not prepared to supply samples, although 
few were prepared to give reasons for not doing so.
Eventually, the Scottish Milk Marketing Board (SMMB, 
Paisley, Renfrewshire) and Express Dairy, U.K. Ltd. (South 
Ruislip, Middlesex) agreed to supply samples of
pasteurised whole milk from five Scottish areas and six
English areas respectively. The approximate location of 
the areas from which pooled milk samples were obtained is 
shown in Figure 3.5. The parts of Britain covered are 
obviously limited; large areas have been left uncovered.
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Scotland
1 Perth 
Edinburgh 
Glasgow 
Ayr
Dumfries
England
1 Crediton
2 Cricklewood
3 Exeter
4 Thornbury
5 S . Morden
6 S. Ruislip
Figure 3.5 : Location of Milk Sampling Areas
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It was particularly unfortunate that no Welsh samples 
could be obtained. However, it was decided that a 
sufficient number of different environments (in terms of 
soil type etc.) were reflected in the samples thus 
obtained for the purposes of this study which is to 
examine any differences in elemental composition of milk 
as determined by local conditions. At the beginning of 
the study, the people responsible for collecting the milk 
samples in both organisations were supplied with 30mL 
'Sterilin' disposable polystyrene bottles with 
polypropylene lids (BDH, Eastleigh, Hampshire) and labels 
to attach giving details of sampling area and date of 
collection. Those taking the samples were asked to keep 
them refrigerated until despatch. To keep the samples as 
fresh as possible, they were packed with ice packs in 
insulated containers during transportation. Starting in 
January 1988 with the English samples, the milks were 
obtained on a bimonthly alternating basis, i.e. January 
six English samples, February five Scottish samples and so 
on so that by December 1988, six samples had been taken 
from each of the total eleven regions involved in the 
study. Two samples from each region were received each 
month; one was frozen upon receipt in case of accidental 
sample loss. lmL aliquots of the second were prepared 
immediately for analysis as described earlier and further 
detailed below.
159
3.5.2 Details of Sample Preparation
The method developed for the preparation of milks was 
based on lmL of milk since this limited the procedure to 
the use of small (5mL) quantities of each of the reagents 
(nitric and perchloric acids and hydrogen peroxide) which 
was preferable for reasons of safety and ease of handling. 
From consulting literature values for the concentration of 
elements in milk, it was decided that the samples should 
be analysed at two final dilutions of 5 and 1000. This is 
necessary because of the enormous differences in the 
amounts of elements present in milk from the major 
elements such as calcium at over lOOOpg.mLrl to the 
ultratrace elements such as cobalt at about 0.OOOSpg.mLr1 
in whole milk. Although the PlasmaQuad has linear 
elemental response over several orders of magnitude, 
greatest sensitivity is obtained when low concentrations 
of elements (preferably no more than l-2jjg.g_1) are 
present in the analysed sample.
A minimum of lOmL of solution are required to obtain three 
consecutive analyses of one sample. A final volume of 
lOmL of a five times dilution of milk was achieved by 
preparing two lmL in 5mL preparations of the same sample 
and combining the two before diluting to the lOmL level 
for analysis. The 1000 times dilution was then prepared 
by taking 0.25mL of the lOmL preparation and diluting in a 
50mL flask. Whenever dilutions were made, acid-washed
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volumetric flasks (cleaned in accordance with the 
procedure described in chapter two) and high quality 
deionised water were used. The reference material was 
handled similarly, although there was no requirement for 
pooling of preparations. Since the powdered milk 
contained a considerably greater concentration of all 
elements under investigation, the reference material was 
analysed at final dilutions of 10 and 10,000. For each 
monthly set of samples prepared, a digestion blank 
containing just the reagents used but treated in an 
identical way to the actual samples was prepared. This 
was then analysed at the same dilutions as the samples and 
the concentration of elements contributed by the reagents 
could thus be calculated and subtracted from the actual 
sample values obtained. The total number of preparations 
and dilutions made each month is illustrated in Figure 
3.6.
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England Region 1
2 x 30mL samples milk
freeze one sample 2 digestions
(2 x lmL sample pooled)
▼
2 dilutions of each digestion 
(5 and 1000 times)
i
3 analyses of each dilution
Figure 3.6 : Monthly Milk Sampling Plan for Each Analysis 
Region.
The above procedure was followed a total of six times for 
the English samples and five times for the Scottish 
samples for each month's analysis.
3.5.3 ICP-MS Analysis
Having prepared and diluted the samples as described 
above, they were ready for direct introduction into the 
PlasmaQuad for analysis. The instrument was operated 
without modification from the manufacturers specification 
and was optimised according to the system parameters given 
in Table 3.6.
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Plasma power ................ . 1300W
Reflected power ........... . <20W
Coolant argon flow-rate . . . 14 L.min-1
Auxiliary gas flow-rate . . . 0
Carrier gas flow-rate . . .
Spray chamber temperature . . 13° c
Pumped sample uptake rate . . 1 mL.min-1
Integral response . . . Recorded in the scanning
mode across a mass range 
from 21 to 219u using 2048 
MCA channels and a 1 min. 
integration time for each 
analysis.
Table 3.6 : Normal PlasmaQuad Operating Parameters 
for Multi-Element Analysis.
Source: Emmett (1988)
The autosampling facility of the instrument was used 
throughout the study for the reasons given in chapter two 
and for operator convenience.
In order to program the autosampler it was necessary to 
first determine optimum times to allow for sample uptake 
and rinsing through of the system between successive 
samples to avoid carry over contamination from one sample 
to the next. The first was simply done by recording the 
time taken from the autosampler probe entering a solution 
to the first full flow of ions hitting the detector as
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monitored by the ratemeter on the instrument pre-set .to 
detect the element entered as a standard (in this case 
cobalt at ljjg.mL-1). To assess the time taken to rinse out 
the system, a short experiment was performed as described 
below.
Determination of Optimum Wash-out Time
A Ipg.mL-1 solution of cobalt was introduced into a clean 
system. The time in seconds from aspirating the solution 
and the ion response for 59 Co were monitored for a total 
of 4 minutes under two sets of conditions. Firstly, the 
sampling probe was removed from the solution at 100 
seconds and put into deionised water. The graph in Figure
3.7 shows the effect of doing this on the ion response
rate. There was very little change in response until 
around 180 seconds when a sharp decline in response was 
observed followed by a more gradual decline. At the end 
of the monitoring time, the response rate had not returned 
to the original background level. Figure 3.8 illustrates 
the data obtained for the same experiment repeated using 
2% nitric acid in place of deionised water. The drop in 
signal this time is almost instantaneous and declines to 
background level after 150 seconds. Therefore, throughout 
the analysis, 2% nitric acid solution was used to rinse
out the system with a pre-set standardised wash time on
the autosampler of 180 seconds (3 minutes).
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Figure 3.7 : Determination of. Optimum Wash-Out Time.
Deionised Water Introduced at 100 seconds.
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Figure 3.8,: Determination of Optimum Wash-Out Time.
2 %  Nitric Acid Introduced at 10.0 seconds.
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Monthly Analysis
Two multi-element standards were prepared freshly each 
month from commercial stock solutions containing the range 
of elements under investigation at appropriate 
concentrations as determined from literature values for 
the elements and dilutions used. A series of analysis 
procedures similar to that illustrated in Figure 2.10 were 
then used to analyse the various preparations and 
dilutions of the milk samples. Using the autosampling 
facility, one set (one month) of samples could be analysed 
for the full range of seventeen elements in about 10 
hours. All data was collected on computer diskette for 
later processing using the PlasmaQuad calculations 
software.
3.6 Results and Discussion
3.6.1 Results of A-ll Milk Reference Material Analysis
As described in section 3.5.2, a sample of A-ll Reference 
Material was prepared and analysed with each month's set 
of milk samples. The data in Table 3.5 illustrated the 
wide range of values reported for elements in this 
material, particularly for minor and trace elements which 
are difficult to quantify at the low levels found in milk. 
The mean values obtained each month for five major 
elements in the material (Ca, Na, Mg, K, P) are 
illustrated in Figures 3.9 and 3.10 along with the 
certificate mean and estimated error. The data show the
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S ta n d a rd  R efe rence  Mater ia l  Analys is
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Figure 3.10
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analyses to be generally in good agreement with reference 
values.
3.6.2 Results of Milk Analysis
The complete set of data obtained each month is shown in 
Appendix 2; these show the values obtained for consecutive 
triplicate analyses of two preparations of each sample at 
the appropriate dilutions (as described earlier). The 
mean values for each preparation were averaged to give an 
overall mean for each element, region and month 
combination; these values are shown in Tables 3.7 and 3.8 
for England and Scotland respectively. Also included in 
these tables are the mean concentrations of the elements 
by month (*) and by region (a); i.e:
* = concentration of element from pooled regions each
month
» = concentration of element by region throughout
the year.
The values thus obtained were then examined for 
significant differences arising from region or month using 
the criteria described in section 3.6.3 below.
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Table 3.7 : Summary of Values Obtained for English
Regions: January to November
Region/
Element
Jan Mar May July Sept Nov Means
Na
1 510 - 455 696 - 436 524
2 557 - 456 581 289 408 458
3 554 368 440 596 324 466 458
4 610 370 407 487 306 432 435
5 372 - 544 469 296 398 416
6 293 371 548 411 282 428 389
Mean* 483 370 475 540 299 428
Mg
1 104 - 82 97 - 112 99
2 108 - 83 99 85 109 97
3 100 84 86 100 92 112 96
4 103 78 84 94 86 114 93
5 90 - 86 58 88 108 86
6 74 75 85 63 86 114 83
Mean* 96 79 84 85 87 112
A1
1 0.839 - 0.011 0.531 - 0.000 0.346
2 0.365 - 0.193 0.064 0.059 0.000 0.136
3 0.558 0.011 0.018 0.750 0.090 0.000 0.238
4 0.530 0.033 0.016 0.246 0.164 0.000 0.165
5 0.589 - 0.003 0.183 0.102 0.000 0.175
6 0.656 0.013 0.088 0.271 0.105 0.000 0.189
Mean* 0.590 0.019 0.055 0.341 0.104 0.000
P
1 934 884 898 964 920
2 948 - 894 1054 696 902 899
3 832 815 906 1010 700 942 868
4 878 816 946 838 719 902 850
5 780 - 940 598 714 843 775
6 610 819 922 682 717 960 785
Mean* 830 817 915 847 709 919
K
1 1477 - 1184 1460 - 1073 1299
2 1546 - 1194 1663 707 1064 1235
3 1332 1192 1209 1648 722 998 1184
4 1410 1234 1362 1382 760 1028 1196
5 1288 - 1330 1023 784 1003 1086
6 1012 1276 1340 1128 688 1134 1096
Mean* 1344 1234 1270 1384 732 1050
= missing sample
Table 3.7 cont.
Region/
Element
Jan Mar May July Sept Nov Means
Ca
1 1312 - 842 1234 - 1093 1120
2 1138 - 886 1763 924 1099 1162 .
3 1017 831 765 1677 965 1031 1048
4 1034 614 1312 1188 986 1046 1030
5 552 - 1252 789 884 1056 907
6 514 633 1244 1091 1032 1028 924
Mean* 928 693 1050 1290 958 1059
Cr
1 0.025 - 0.000 0.131 - 0.000 0.039
2 0.068 - 0.000 0.180 0.023 0.000 0.054
3 0.041 0.000 0.000 0.000 0.000 0.000 0.007
4 0.018 0.000 0.000 0.000 0.030 0.000 0.008
5 0.007 - 0.000 0.000 0.000 0.000 0.001
6 0.057 0.033 0.000 0.000 0.000 0.000 0.015
Mean* 0.036 0.011 0.000 0.052 0.106 0.000
Mn
1 0.044 - 0.002 0.040 - 0.020 0.027
2 0.024 - 0.002 0.034 0.014 0.006 0.016
3 0.028 0.013 0.001 0.047 0.017 0.017 0.021
4 0.022 0.022 0.003 0.027 0.048 0.015 0.023
5 0.024 - 0.003 0.024 0.010 0.012 0.014
6 0.024 0.031 0.004 0.020 0.010 0.010 0.017
Mean* 0.028 0.022 0.003 0.032 0.020 0.013
Fe
1 2.42 - 0.874 1.87 - 0.301 1.37
2 2.37 - 0.773 1.74 5.16 0.009 2.01
3 2.15 0.861 0.161 2.95 4.73 0.600 1.91
4 2.07 1.19 0.246 1.40 4.61 0.149 1.61
5 1.99 - 0.168 1.10 4.13 0.000 1.48
6 1.89 2.00 0.163 1.84 3.55 0.000 1.57
Mean* 2.15 1.35 0.398 1.82 4.44 0.177
Co
1 0.003 - 0.001 0.007 - 0.000 0.003
2 0.002 - 0.002 0.006 0.000 0.000 0.002
3 0.003 0.006 0.001 0.006 0.000 0.000 0.003
4 0.002 0.008 0.002 0.004 0.015 0.000 0.005
5 0.003 - 0.002 0.004 0.000 0.000 0.002
6 0.003 0.013 0.002 0.005 0.000 0.000 0.004
Mean* 0.003 0.009 0.002 0.005 0.000 0.000
- = missing sample
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Table 3.7 cont.
Region/
Element
Jan Mar May July Sept Nov Mean-
Ni
1 0.116 - 0.000 0.012 - 0.000 0.035
2 0.284 - 0.000 0.000 0.495 0.000 0.156
3 0.167 0.032 0.000 0.000 0.017 0.000 0.036
4 0.170 0.044 0.002 0.000 0.047 0.000 0.044
5 0.277 - 0.009 0.000 0.040 0.000 0.065
6 0.257 0.087 0.003 0.000 0.013 0.000 0.060
Mean* 0.212 0.054 0.002 0.002 0.122 0.000
Cu
1 1.04 - 0.000 0.076 - 0.041 0.289
2 0.234 - 0.000 0.096 0.008 0.024 0.075
3 0.320 0.097 0.000 0.091 0.015 0.040 0.093
4 0.203 0.120 0.000 0.181 0.067 0.029 0.100
5 0.099 - 0.000 0.190 0.040 0.029 0.071
6 0.042 0.158 0.000 0.027 0.007 0.019 0.042
Mean* 0.324 0.125 0.000 0.110 0.028 0.030
Zn
1 2.22 - 0.344 2.86 - 2.87 2.07
2 0.015 - 0.380 3.48 2.20 2.29 1.68
3 0.242 1.66 0.255 0.978 2.51 2.92 1.43
4 0.451 2.18 0.439 3.59 2.80 3.08 2.09
5 0.262 - 0.391 4.10 2.54 2.99 2.06
6 0.486 1.83 0.362 5.45 2.31 2.73 2.19
Mean* 0.612 1.89 0.362 3.41 2.47 2.81
Se
1 0.001 - 0.000 0.044 - 0.000 0.011
2 0.005 - 0.000 0.028 0.004 0.000 0.007
3 0.006 0.007 0.000 0.016 0.022 0.000 0.008
4 0.002 0.008 0.000 0.023 0.037 0.004 0.012
5 0.005 - 0.000 0.027 0.000 0.002 0.007
6 0.007 0.024 0.000 0.019 0.000 0.005 0.009
Mean* 0.004 0.013 0.000 0.026 0.013 0.002
Cd
1 0.011 - 0.000 0.004 - 0.000 0.004
2 0.000 - 0.010 0.004 0.015 0.000 0.006
3 0.000 0.003 0.000 0.005 0.020 0.000 0.005
4 0.006 0.000 0.000 0.008 0.020 0.000 0.006
5 0.014 - 0.000 0.003 0.005 0.010 0.006
6 0.011 0.002 0.000 0.007 0.014 0.000 0.006
Mean* 0.012 0.002 0.002 0.005 0.015 0.002
- = missing sample
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Table 3.7 cont.
Region/
Element
Jan Mar May July Sept Nov Means;
Hg
1 0.004 0.000 0.004 0.000 0.002
2 0.001 - 0.000 0.005 0.000 0.000 0.001
3 0.010 0.000 0.000 0.019 0.000 0.000 0.005
4 0.010 0.000 0.000 0.003 0.005 0.000 0.003
5 0.008 - 0.000 0.012 0.012 0.000 0.006
6 0.000 0.000 0.000 0.000 0.002 0.000 0.001
Mean* 0.006 0.000 0.000 0.007 0.004 0.000
Pb
1 0.001 0.000 0.010 0.000 0.003
2 0.000 - 0.000 0.007 0.000 0.000 0.001
3 0.000 0.000 0.000 0.026 0.000 0.000 0.004
4 0.000 0.001 0.000 0.021 0.000 0.000 0.004
5 0.000 - 0.020 0.022 0.004 0.000 0.009
6 0.002 0.000 0.000 0.003 0.000 0.002 0.001
Mean* 0.001 0.000 0.003 0.015 0.001 0.000
- = missing sample
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Table 3.8 : Summary of Values Obtained for Scottish
Regions : February to December
Region/
Element
Feb Apr June Aug Oct Dec Means
Na
1 232 - - 344 507 854 484
2 248 - - 270 436 767 430
3 269 - - 305 425 634 408
4 280 - 388 268 442 734 422
5 304 - 390 265 442 432 367
Mean* 267 — 389 290 450 684
Mg
1 88 76 76 90 55 122 85
2 90 74 85 87 54 116 84
3 94 76 87 81 128 99 94
4 85 78 83 73 124 94 90
5 90 80 77 72 125 64 85
Mean* 89 77 82 81 97 99
A1
1 0.231 0.000 0.396 0.000 0.125 0.017 0.128
2 0.304 0.000 0.499 0.006 0.116 0.022 0.158
3 0.350 0.000 0.582 0.000 0.234 0.177 0.224
4 0.124 0.025 0.272 0.152 0.165 0.332 0.179
5 0.229 0.083 0.390 0.647 0.192 0.822 0.394
Mean* 0.248 0.022 0.428 0.161 0.166 0.274
P
1 908 880 816 728 410 1017 793
2 903 922 786 744 462 966 797
3 930 888 992 700 1024 1002 923
4 880 918 944 607 960 894 867
5 918 894 878 588 913 632 804
Mean* 908 900 883 673 754 902
K
1 1152 1326 1394 982 1091 1302 1208
2 1182 1340 1423 986 1130 1236 1216
3 1397 1304 1479 927 1314 1356 1296
4 1258 1261 1377 808 1051 1159 1152
5 1324 1264 1304 764 1127 830 1102
Mean* 1263 1299 1395 893 1143 1177
- = missing value
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Table 3.8 cont.
Region/
Element
Feb Apr June Aug Oct Dec Means
Ca
1 813 1124 1646 920 1144 1043 1115
2 1018 1199 1583 902 1183 952 1140
3 1185 1346 1761 816 1140 1171 1237
4 994 854 1424 824 914 1130 1023
5 1496 790 1316 770 888 787 1008
Mean* 1101 1063 1546 846 1054 1017
Cr
1 0.054 0.000 0.000 0.043 0.049 0.038 0.031
2 0.057 0.000 0.028 0.242 0.102 0.100 0.088
3 0.064 0.000 0.059 0.258 0.303 0.600 0.214
4 0.070 0.029 0.000 0.627 0.204 0.513 0.241
5 0.039 0.023 0.000 0.426 0.160 0.463 0.182
Mean* 0.057 0.010 0.017 0.319 0.164 0.343
Mn
1 0.016 0.001 0.014 0.019 0.030 0.020 0.017
2 0.017 0.000 0.012 0.037 0.019 0.029 0.019
3 0.018 0.000 0.020 0.022 0.030 0.074 0.027
4 0.072 0.003 0.011 0.049 0.030 0.072 0.040
5 0.080 0.071 0.012 0.039 0.032 0.073 0.051
Mean* 0.041 0.015 0.014 0.032 0.028 0.054
Fe
1 0.660 0.609 1.62 3.12 4.65 3.70 2.39
2 0.671 1.16 1.70 4.59 4.09 4.38 2.77
3 0.691 0.000 2.34 4.42 7.69 18 5.52
4 0.422 0.263 1.82 9.28 5.56 16 5.62
5 0.502 0.932 2.01 7.13 5.97 16 5.37
Mean* 0.589 0.593 1.90 5.71 5.59 11.7
Co
1 0.004 0.011 0.003 0.000 0.000 0.000 0.003
2 0.004 0.001 0.040 0.004 0.000 0.000 0.008
3 0.002 0.000 0.005 0.000 0.010 0.010 0.005
4 0.010 0.008 0.008 0.010 0.010 0.010 0.009
5 0.011 0.003 0.008 0.009 0.009 0.010 0.008
Mean* 0.006 0.005 0.013 0.005 0.006 0.006
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Table 3.8 cont.
Region/
Element
Feb Apr June Aug Oct Dec Means
Ni
1 0.082 0.055 0.030 0.007 0.071 0.040 0.047
2 0.072 0.000 0.028 0.053 0.000 0.197 0.058
3 0.081 0.000 0.049 0.027 0.045 0.220 0.070
4 0.184 0.000 0.084 0.063 0.114 0.073 0.086
5 0.228 0.000 0.084 0.052 0.125 0.043 0.089
Mean* 0.129 0.011 0.055 0.040 0.071 0.114
Cu
1 0.014 0.000 0.020 0.202 0.074 0.000 0.052
2 0.015 0.000 0.001 0.040 0.045 0.000 0.017
3 0.037 0.000 0.001 0.030 0.085 0.027 0.030
4 0.074 0.000 0.049 0.057 0.077 0.025 0.047
5 0.122 0.032 0.000 0.035 0.095 0.032 0.053
Mean* 0.053 0.006 0.014 0.073 0.075 0.017
Zn
1 1.34 1.39 1.20 2.31 2.94 3.04 2.03
2 1.64 0.810 2.34 3.02 2.60 3.20 2.27
3 1.67 0.563 3.03 2.64 4.04 5.90 2.97
4 1.46 1.43 1.68 3.82 5.14 5.90 3.24
5 2.52 1.59 1.43 3.14 3.64 5.92 3.04
Mean* 1.73 1.16 1.94 2.99 3.67 4.79
Se
1 0.000 0.006 0.003 0.014 0.000 0.008 0.005
2 0.000 0.030 0.002 0.027 0.000 0.049 0.018
3 0.000 0.000 0.002 0.002 0.119 0.347 0.078
4 0.000 0.015 0.024 0.159 0.061 0.318 0.096
5 0.000 0.000 0.021 0.074 0.036 0.290 0.070
Mean* 0.000 0.010 0.010 0.055 0.043 0.202
Cd
1 0.007 0.002 0.002 0.000 0.000 0.000 0.002
2 0.001 0.020 0.002 0.000 0.000 0.000 0.004
3 0.004 0.002 0.008 0.000 0.012 0.000 0.004
4 0.013 0.008 0.000 0.000 0.015 0.000 0.006
5 0.004 0.002 0.047 0.000 0.000 0.000 0.009
Mean* 0.006 0.007 0.012 0.000 0.005 0.000
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Table 3.8 cont.
Region/
Element
Feb Apr June Aug Oct Dec Means;
Hg
1 0.002 0.000 0.000 0.003 0.000 0.002 0.001
2 0.000 0.001 0.000 0.000 0.000 0.000 0.000
3 0.000 0.000 0.000 0.000 0.000 0.002 0.000
4 0.003 0.001 0.001 0.000 0.000 0.000 0.002
5 0.000 0.001 0.001 0.000 0.000 0.000 0.000
Mean* 0.001 0.001 0.000 0.001 0.000 0.001
Pb
1 0.000 0.004 0.001 0.000 0.014 0.000 0.003
2 0.011 0.001 0.000 0.000 0.100 0.000 0.019
3 0.000 0.007 0.000 0.000 0.010 0.000 0.003
4 0.071 0.009 0.000 0.000 0.010 0.000 0.015
5 0.081 0.002 0.000 0.000 0.007 0.000 0.015
Mean* 0.033 0.055 0.000 0.000 0.028 0.000
3.6.3 Statistical Methods and Analysis
The calculated means for concentration of elements by 
region and by month, shown in Tables 3.7 and 3.8, show 
obvious variability. However, it is necessary to examine 
the significance of these differences which can be done 
using a statistical method called Analysis of Variance. 
This can be used to test the following hypotheses:
Null hypothesis: all the means are the same 
Alternative hypothesis: the means are not all the same.
The latter does not imply that every mean is different 
from all the others (Smith, 1989).
Each of the values in Tables 3.7 and 3.8 is a mean of 
three replicates from each of two preparations. The 
precision of such a mean was estimated from Analysis of
176
Variance and the data from one month, from which measures 
were obtained of the following components of variation:
a) variation between regions for each element
b) variation between the two preparations of the same 
sample
c) variation between the three replicate analyses of the 
same preparation.
The data from January were used, but it may be assumed 
that the variability in the data from other months was 
similar. The full analysis of variance table for magnesium 
is shown in Table 3.9.
Source of 
Variation
Degrees of 
Freedom
Sum of 
Squares
Mean
Square
Between
Regions
5 5036.9 1007.4
Between
Preparations
6 1457.2 242.9
Between
Replicates
24 2420.7 100.9
Total 35 8914.8
Table 3.9 : Analysis of Variance for Magnesium 
based on January Data.
The data used to calculate the above values are given in 
Appendix 2.
Standard Deviation (S.D.) between replicates (or) and 
between preparations (oP ) are estimated from the mean
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squares as follows
Between replicates mean square (RMS) is an estimate of 
O r 2 . Between preparations mean square (PMS) is an 
estimate of O r 2 + 3oP2 . Hence,
Or = /  RMS
Op = / PMS - RMS 
/ 3
The 95% Confidence Intervals for a mean result ( of two 
preparations done in triplicate) are calculated from:
± t / O r 2 + Op 2 
/ 6 2
where t has 6 degrees of freedom (t = 2.45). Table 3.10 
shows the values thus calculated for each element.
Element
SD
Reps
SD
Preps
95% C.I. 
for mean
Na 72.6 44.5 106
Mg 10.04 6.88 15.6
A1 0.071 0.690 1.20
P 112.7 83.9 184
K 132.5 113.8 238
Ca 110.8 71.5 166
Cr 0.014 0.018 0.034
Mn 0.003 0.010 0.018
Fe 0.212 0.108 0.283
Co 0.001 0.002 0.003
Ni 0.053 0.028 0.072
Cu 0.033 0.127 0.223
Zn 0.050 0.103 0.185
Se 0.006 0.004 0.009
Cd 0.001 0.014 0.024
Hg 0.015 0.004 0.017
Pb 0.008 0.001 0.008
Table 3.10 : Precision of Mean Values
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Comparison of Seasons and Regions
The results for each element in Tables 3.7 and 3.8 were 
analysed as for a two-factor design without replication. 
The residual used to test each main effect is a measure of 
the interaction between regions and seasons.
Where the interaction appeared random and a main effect 
was statistically significant, the least significant 
difference (LSD) between the overall means for two regions 
or two seasons was calculated.
LSD between 2 regions = t / 2s2
J m
where s2 is the residual (interaction) mean square
m is the number of seasons
and t is the 0.975 percentage point of the t
distribution with the same number of degrees of 
freedom as the residual mean square.
where s2 , t are as above
and n is the number of regions
The values thus calculated for the English regions are 
shown in Table 3.11. Where the interaction did not appear 
random, as was the case for the Scottish regions, it is 
not valid to make overall comparisons between 2 regions or 
seasons and in such cases the results are discussed
LSD between 2 seasons
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descriptively. The LSD's calculated for Scotland are
included for reference in Appendix 2a.
Tables 3.12 to 3.28 below show the results of such
comparisons; a significant difference (according to the 
appropriate L.S.D. shown in each Table) is indicated in 
the column or row marked 'Sig.' by two matching 
identifying letters under or next to the appropriate 
values. Where the analysis of variance showed the
difference to be 'not significant' (see Table 3.11), it is
not appropriate to indicate a numeric difference according 
to the LSD value.
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Element Analysis
Month
of Variance 
Region
SED LSD
Na *** ns 44.0 91.5
Mg *** ns 5.40 11.2
A1 *** ns 0.0768 0.16
P * ns 54.0 112
K *** ns 87.5 182
Ca * ns 144.7 301
Cr ns ns 0.0208 -
Mn *** ns 0.00519 0.011
Fe *** ns 0.2484 0.517
Co *** ns 0.00173 0.004
Ni *** ns 0.0488 0.102
Cu * ns 0.0924 0.192
Zn *** ns 0.438 0.911
Se *** ns 0.00514 0.011
Cd *** ns 0.00286 0.006
Hg ** ns 0.00222 0.005
Pb *** ns 0.00301 0.006
SED = Standard Error of Differences of Means 
LSD = Calculated Least Significant Difference 
for t = 2.08.
indicate level of significance at 5%, 1% and 
0.1% respectively. ns = not significant
Table 3.11 : Results of Analysis of Variance, SED and 
Calculated LSD for English Samples.
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SODIUM L.S.D. = 91.5
Between Regions 
Region Mean Sig.
Between Months
1 524 ab
2 458
3 458
4 435
5 416 a
6 389 b
Jan Mar May July Sept Nov 
483 370 475 540 299 428 
ab acd ce dfg befh gh
Month
Mean
Sig.
Table 3.12 : L.S.D.'s, Sodium, England. 
MAGNESIUM L.S.D. = 11.2
Between Regions 
Region Mean Sig.
Between Months
1 99 ab Jan Mar May July Sept Nov Month
2 97 c
3 96 d 96 79 84 85 87 112 Mean
4 93
5 86 a abc ad be f g cdefg Sig.
6 83 bed
Table 3.13 : L.S.D.fs, Magnesium, England. 
ALUMINIUM L.S.D.= 0.160
Between Regions 
Region Mean Sig.
Between Months
Jan Mar May July Sept Nov Month
0.590 0.024 0.062 0.431 0.104 0.000 Mean
abed ae bf efgh eg dh Sig.
1 0.348
2 0.244
3 0.241
4 0.167
5 0.176
6 0.191
ab
Table 3.14 : L.S.D.'s, Aluminium, England.
L.S.D. = Least Significant Difference
Sig. = Significant Differences Observed
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PHOSPHORUS L.S.D. = 112
Between Regions 
Region Mean Sig.
Between Months
1 920 ab Jan Mar May July Sept Nov Month
2 899 cd
3 868 830 817 915 847 709 919 Mean
4 850
5 775 ac a b c abed d Sig.
6 785 bd
Table 3.15 : L.S.D.'s, Phosphorus, England.
POTASSIUM L.S.D. = 182
Between Regions 
Region Mean Sig.
Between Months
1 1299 ab
2 1235
3 1184
4 1196
5 1086 a
6 1096 b
Jan Mar May July Sept Nov 
1344 1234 1270 1384 732 1050 
ab cd ef gh acegi bdfhi
Month
Mean
Sig.
Table 3.16 : L.S.D.'s, Potassium, England.
CALCIUM L.S.D. = 301
Between Regions 
Region Mean Sig.
Between Months
1 1120 
2 1162
Jan Mar May July Sept Nov Month
3 1048
4 1030
928 693 1050 1290 958 1059 Mean
5 907
6 924
a bed b ace e d Sig.
Table 3.17 : L.S.D.'s, Calcium, England.
L.S.D. = Least Significant Difference
Sig. = Significant Differences Observed
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CHROMIUM L.S.D. = 0.043
Between Regions 
Region Mean Sig.
Between Months
1 0.039
2 0.054 ab
3 0.058 cde
4 0.011 ac
5 0.003 bd
6 0.015 e
Jan Mar May July Sept Nov 
0.040 0.011 0.000 0.085 0.032 0.000 
a b c abcde d e
Month
Mean
Sig.
Table 3.18 : L.S.D.'s, Chromium, England.
MANGANESE L.S.D. = 0.011
Between Regions 
Region Mean Sig.
Between Months
1 0.027 ab
2 0.016 a
3 0.021
4 0.023
5 0.014 b
6 0.017
Jan Mar May July Sept Nov 
0.028 0.022 0.003 0.032 0.020 0.013 
ab c acde dfg ef bg
Month
Mean
Sig.
Table 3.19 : L.S.D.'s, Manganese, England.
IRON L.S.D. = 0.517
Between Regions 
Region Mean Sig.
Between Months
1 1.37
2 2.01
ab
ac
Jan Mar May July Sept Nov Month
3 1.91
4 1.61
b 2.15 1.35 0.398 1.82 4.44 0.178 Mean
5 1.48
6 1.57
c abed aefg behi hjk cfijl dgkl Sig.
Table 3.20 : L.S.D.'s, Iron, England.
L.S.D. = Least Significant Difference
Sig. = Significant Differences Observed
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COBALT L.S.D. = 0.004
Between Regions 
Region Mean Sig.
Between Months
1 0.003
2 0.002
3 0.003
4 0.003
5 0.002
6 0.004
Jan Mar May July Sept Nov 
0.003 0.009 0.002 0.005 0.000 0.000 
a abcde b cfg df eg
Month
Mean
Sig.
Table 3.21 : L.S.D.'s, Cobalt, England.
NICKEL L.S.D. = 0.102
Between Regions 
Region Mean Sig.
Between Months
1 0.035 a
2 0.156 abc
3 0.036 b
4 0.044 c
5 0.065
6 0.060
Jan Mar May July Sept Nov 
0.212 0.054 0.002 0.004 0.122 0.000 
abcde a bf eg dfgh eh
Month
Mean
Sig.
Table 3.22 : L.S.D.'s, Nickel, England.
COPPER L.S.D. = 0.192
Between Regions 
Region Mean Sig.
Between Months
1 0.289 abc
2 0.075 a
3 0.113
4 0.096 b
5 0.111
6 0.040 c
Jan Mar May July Sept Nov 
0.325 0.125 0.000 0.139 0.023 0.030 
abed a b c d
Month
Mean
Sig.
Table 3.23 : L.S.D.'s, Copper, England.
L.S.D. = Least Significant Difference
Sig. = Significant Differences Observed
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ZINC L.S.D. = 0.911
Between Regions 
Region Mean Sig.
Between Months
1 2.07
2 1.68
Jan Mar May July Sept Nov Month
3 1.43
4 2.09
0.615 1.89 0.362 3.41 2.47 2.81 Mean
5 2.06
6 2.19
abed aefg ehij bfhk cik dgj Sig.
Table 3.24 : L.S.D.'s, Zinc, England.
SELENIUM L.S.D. = 0.011
Between Regions 
Region Mean Sig.
Between Months
1 0.011 Jan Mar May July Sept Nov Month
2 0.008 a
3 0.019 ab 0.004 0.013 0.000 0.026 0.017 0.009 Mean
4 0.012
5 0.007 b abc ade dfg befh eg h Sig.
6 0.009
Table 3. 25 : L. S.D.'s, Selenium, England.
CADMIUM L.S.D. = 0.006
Between Regions 
Region Mean Sig.
Between Months
1
1 0.006 
2 0.004
Jan Mar May July Sept Nov Month
3 0.005
4 0.007
0.012 0.002 0.000 0.005 0.015 0.002 Mean
5 0.006
6 0.008
ab ac d be cdef f Sig.
Table 3.26 : L.S.D.'s, Cadmium, England.
L.S.D. = Least Significant Difference
Sig. = Significant Difference Observed
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MERCURY L.S.D. = 0.005
Between Regions 
Region Mean Sig.
Between Months
1 0.002 
2 0.001
3 0.005
4 0.004
5 0.005
6 0.001
Jan Mar May July Sept Nov 
0.004 0.000 0.000 0.007 0.004 0.000 
a b abc c
Month
Mean
Sig.
Table 3.27 : L.S.D.'s, Mercury, England.
LEAD L.S.D. = 0 . 00 6
Between Regions 
Region Mean Sig.
Between Months
1 0.003
2 0.001
3 0.004
4 0.004
5 0.006
6 0.003
Jan Mar May July Sept Nov 
0.001 0.001 0.001 0.018 0.001 0.000 
a b c  abcde d e
Month
Mean
Sig.
Table 3.28 : L.S.D.'s, Lead, England.
3.4.6 Discussion 
S c o t t i s h  S a m p l e s
Analysis of variance of the Scottish data suggested that 
the interaction occurring in the values obtained did not 
appear to be random and hence it is inappropriate to 
consider LSD's for these values. It is however, 
appropriate to consider the data obtained in a descriptive 
manner in relation to the effects of season on the 
elemental composition of the milk. The mean values for 
each region and month were plotted for each element. Some
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of the more interesting trends exhibited by five of the 
selected elements are shown in Figures 3.11 to 3.15.
It would appear from the data presented in Figures 3.12 
(potassium) and 3.13 (calcium) that some change is made to 
the diet of the cow around the month of August since both 
of these important elements are found at considerably 
lower concentrations in the milk in this month for each of 
the five regions. Similar patterns of concentration for 
these two elements are observable throughout the year, 
suggesting a possible dietary link between the elements.
Magnesium values show remarkable stability for the major 
part of the year, but split noticeably between high and 
low levels in October. It is thought unlikely that 
experimental error could account for such large 
differences and it is suggested that this occurrence might 
also be related to the change in the diet of the animals, 
varying between regions. By December, values are seen to 
converge once more towards the yearly average of around 
90pg.mL“1 .
Iron and zinc appear to follow similar distributions with 
a general increase towards the end of the year. It would 
be of interest to follow these trends into a second year 
to determine if similar patterns exist.
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Figure 3.11
Milk Analys is  : S co t t ish  Regions
Varia tion in Magnesium C oncentration
130
120
110
100
80
70
60
0.9
0.8
0.7 H-------------------------------1-------------------------------1------------------------------- 1------------------------------- 1---------------------------
Feb Apr June Aug Oct Dec
Month
□  R 1 +  R 2 O R 3  A  R 4  X R 5
50 H---------------------------  1--------------------------- 1------------------------------ 1--------------------------------1---------------------------
Feb Apr June Aug Oct Dec
Month
□  R 1 + R 2  <> R 3 A R A  X R 5
Figure 3.12 R = ReSion
Milk Analysis : S co t t ish  Regions
Variation in Potassium  C oncentration
1.5
C
on
ce
nt
ra
tio
n 
(p
/g
.m
L—
1) 
C
on
ce
nt
ra
tio
n 
(p
g
,m
L
-1
)
(T
h
o
u
sa
n
d
s)
Figure 3*13
Milk Analys is  : S co t t ish  Regions
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English Samples
Table 3.29 compares the range of values for the elements 
considered in this study compared to literature ranges 
presented in section 3.3.1.
Element Literature Range Experimental Range
Na 300 - 700 232 - 854
Mg 50 - 240 54 - 128
A1 0.15 - 2.0 0.00 - 0.839
P 700 - 1200 410 - 1054
K 1000 - 2000 688 - 1663
Ca 900 - 1690 514 - 1763
Cr ND - 0.2 0.00 - 0.627
Mn 0.01 - 0.82 0.00 - 0.080
Fe 0.21 - 4.94 0.00 - 18
Co 0.0003 - 0.003 0.00 - 0.015
Ni 0.001 - 0.110 0.00 - 0.495
Cu 0.00 - 4.0 0.00 - 1.04
Zn 1.6 - 12.1 0.015 - 5.92
Se 0.005 - 0.44 0.00 - 0.347
Cd 0.0001 - 0.1 0.00 - 0.047
Hg 0.001 - 0.08 0.00 - 0.019
Pb 0.002 - 0.070 0.00 - 0.081
ND = not detected
all values expressed in pg.mlr1 (or pg.g-1) for comparison
Table 3.29 : Comparison of Literature and Experimental 
Ranges (for England and Scotland) of 
Elements in Milk.
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A prominent feature of the literature values was the 
degree of variation in elemental composition, even for the 
'major' elements, reported by various authors. The 
results of the study reported here show a similar spread 
of values, suggesting that the elemental composition of 
cow's milk is prone to great variability. Apparently 
similar sub samples may be quite different, as illustrated 
by the differences found in duplicate preparations of the 
same sample. The data presented in Appendix 2 and the 
Standard Deviation between preparations values given in 
Table 3.10 reflect these differences. Such inherent 
variability must be borne in mind when considering the 
implications of the results presented. The mean values 
used in the statistical analysis are an average of a total 
of six analyses of two preparations of each sample and as 
such are considered a satisfactory reflection of the 
'true' composition of the milk for the purposes of 
assessing differences arising from region and month.
On the basis of the data presented in Tables 3.12 to 3.28, 
the null hypothesis which stated that 'all the means are 
the same’ can be rejected. The number of significant 
differences in the calculated means for England were as 
follows.
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Source of Variation
DIFFERENCES 
Possible Found % of Possible
Between Months 
Between Regions
240 111 46% 
240 27 11%
Table 3.30 : Significant Differences in Calculated Means
From the above analysis of the results it would appear 
that variation is more likely to occur from one month to 
another than between different regions.
The majority of significant differences in the means arose 
within the elements found at trace and ultratrace levels 
in the milk such as cobalt, selenium etc. The importance 
of such calculated differences must be viewed with 
caution. The levels recorded are extremely low, often in 
the order of a few parts per billion and in some cases are 
approaching the detection limits of the instrumentation. 
The fact that differences are found may indeed reflect 
true compositional differences in samples, although it is 
interesting to note that more significant differences are 
found between months than between regions, suggesting 
perhaps that the former may be more a reflection of some 
analytical bias introduced within the samples prepared 
each month than genuine variation of such extent. It is
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also possible that compositional differences for such 
elements might arise from contamination during processing. 
Reasons presented for possible variations in section 3.3.1 
are re-examined below in light of the experimental results 
obtained from this study.
Sodium
Experimental values compare well with the literature 
range, although the spread of values is considerable for 
the small number of samples studied. More variation was 
noted between months than regions. The month mean for 
September (at 299pg.mLr1 ) reflects low values for all 
regions, suggesting perhaps some nationwide change in 
cow's nutriture around this time. A similarly low mean 
was observed in the August Scottish samples.
Magnesium
The concentration of magnesium in samples tended not to 
vary greatly and all values are within literature ranges. 
Slightly more significant differences were observed 
between months in England than between regions, which 
tended to be remarkably constant, the mean varying over 
only 16Mg*mL_1 throughout the study.
Aluminium
Aluminium is often found in milk as a contaminant, with 
reported levels varying greatly according to degree of 
contamination. The highest experimental mean recorded of 
0.59Mg.mL“1 is towards the lower end of the literature
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range presented in Table 3.29, suggesting perhaps that 
previous studies may have suffered the effects of 
contamination of this ubiquitous element.
Phosphorus
Little variation in the phosphorus content of milk is 
expected in the milk of one species. This was generally 
found to be the case in this study with a total of only 
eight significant differences being noted between months 
and regions. Mean values obtained compared well to the 
literature ranges, but tended to be towards the lower end 
of the range.
Potassium
Mean values for potassium between months appear to be 
similarly affected as those for sodium, with the 
concentration averaging a steep decline in September, 
supporting perhaps the change of diet theory suggested for 
the variation in sodium levels recorded.
Calcium
Few significant differences in the calcium content of milk 
were observed and with only one exception (March), all 
mean values lie within the suggested literature range. The 
range of values for calcium would be expected to be fairly 
narrow since calcium in milk is believed to be genetically 
determined for a given species (Iyengar, 1982). The low 
values reported in this study may be due to the analysis 
of milk samples taken from cows towards the end of
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lactation which tends to have a generally lower mineral 
content.
Chromium
Few researchers reporting on the elemental composition of 
milk have included chromium in their analysis since the 
determination of chromium is associated with serious 
analytical problems (Iyengar, 1982). Values for England 
were generally low whilst those of Scotland tended to be 
higher and in some cases exceeded the upper end of the 
literature range. Although chromium is a natural trace 
constituent of milk, elevated levels are most likely to 
occur as contamination from the use of chromium containing 
detergents used in cleaning dairy utensils. Several 
significant differences were observed both between months 
and between regions. The importance of such differences 
must be considered in the light of the above observations 
and is believed to be due to almost random variation.
Manganese
Experimental values for manganese are within the limits of 
the literature range. Iyengar (1982) suggests that levels 
beyond this maximum are probably due to contamination by 
external sources such as air dust. Absence of any such 
excessively high values appears to reinforce the 
effectiveness of the digestion procedure developed for 
this study in avoiding sporadic contamination.
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Iron
Considerable variation was observed in the iron content of 
the milks analysed, exceeding the limits of the literature 
range at both extremes, particularly for some of the 
Scottish samples where extremely high values were noted in 
December. Although substantial variation has been 
reported, the values found in this study are considered 
too extreme to be accounted for by normal variation. 
Discrepancies may be due to contamination during 
processing, storage or preparation. Problems might also 
have arisen from polyatomic interferences as described in 
chapter two.
Cobalt
Although the experimental values exceed the literature 
ranges quite considerably, on some occasions for both 
England and Scotland, it is believed that the variation 
reported is genuine and reflects to some extent the degree 
of supplementation of vitamin Bi 2 in the cow's food 
supply, of which cobalt is a constituent.
Nickel
Nickel is a normal constituent of milk but not a natural 
one; its presence is due to contamination, often from 
milking machines, metal containers and pipes. Values 
reported in this study range considerably and are almost 
certainly due to contamination at some stage during 
collection or processing.
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Copper
Copper is present naturally in milkf predominately in the 
fat phase, concentrated at the surface of the fat globule. 
A wide range of values for copper in milk is to be 
expected for two reasons. Firstly, differences will be 
associated with the fat content of the sample and 
secondly, it is known that the level of copper in cow’s 
milk is subject to seasonal variation (Kiermeier, 1961) .
In comparison with reported literature ranges, only 
minimal variation in the copper content was observed in 
this study and there were only a few significant 
differences observed between regions or between months.
Zinc
Experimental values for zinc were generally comparable to 
those reported in the literature, although a few samples 
had surprisingly low concentrations of zinc. Several 
significant differences were found between regions for 
England whereas none were found between months. Pooling 
of milk samples tends to even out any variability in zinc 
content since it is to some extent related to dietary 
intake. It would appear that differences between milk 
supplies contributing to the pooled milk samples analysed
9I in fact had larger differences in zinc content that could
1 /
I be normalised by pooling as usually occurs.
I
Selenium
Reported levels of selenium in milk vary widely and it is
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suggested that differences are due to the wide variation 
in geographical distribution of selenium in nature. For 
the English samples, however, more significant differences 
were found between months than between regions. Values 
tended to be towards the lower end of the literature 
range.
Cadmium
Iyengar (1982) reports wide variation in the concentration 
of cadmium in milk and suggests that true regional 
variation occurs. Experimental values are well within the 
range of literature values, although few significant 
differences were observed between months and none between 
regions. It must be remembered, however, that some of the 
samples analysed were found to contain amounts of cadmium 
barely above the detection limit of the instrumentation.
Mercury
Disinfectants used in milk handling may result in the 
contamination of milk with mercury. Experimental values 
are within the literature range quoted and only a few 
significant differences were found between months whilst 
none occurred between regions.
Lead
Lead is invariably present as a contaminant in milk from a 
number of sources such as vehicle exhausts, dust and water 
supplies. Experimental values were in line with 
literature ranges and below the WHO recommended maximum
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level for lead in milk of 0.2Mg.g-1 (Jarrett, 1979). 
Significant differences were observed between months 
for England and are attributable to the finding of one 
unusually high value in July.
3.6.5 Conclusions and Suggestions for Future Work
The aims of this study established in section 3.3 were:
1) To collect on a regular basis samples of pasteurised 
full cream milk from a representative sample of processing 
dairies in Britain.
2) To develop a means of preparing a solution of milk
suitable for analysis by conventional nebulisation ICP-MS.
3) To determine the levels of a range of seventeen
elements in the milk samples using ICP-MS as the means of 
analysis.
4) To analyse the data thus generated to identify any
significant differences occurring in elemental composition 
of milk as a result of variation in area of origin of the 
sample or according to time of year.
On the whole, these aims have been fulfilled, although 
problems with the supplier of the English samples meant 
that on two occasions, an incomplete set of samples were 
received for analysis. It would have been possible to 
have received some of the missed samples a month after the 
correct sampling date, but it was decided that these 
would not be strictly comparable with the month in 
question.
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The method developed for preparing the milk samples and 
reference material proved satisfactory throughout the 
study. No problems were encountered in the preparation of 
the samples and the results for the analysis of the 
reference material reflect the success of the method.
Analysis of the data obtained from this study showed some 
interesting trends in the composition of pasteurised milk 
and it is perhaps surprising that in a country the size of 
Britain that such variation exists. Pasteurised milk as 
it reaches the consumer is therefore by no means an 
homogeneous product in terms of mineral composition. 
Differences in the trace and ultratrace elements are to be 
anticipated, reflecting the extent of pollution in the 
cow's environment and the methods of handling, processing 
and storage of the product. The wide range of values 
reported in some of the major, nutritionally important 
elements (e.g. calcium, sodium) are of more concern, 
particularly since these data show that some milks contain 
substantially lower concentrations of such elements than 
are recorded in food tables used by dietitians in the 
preparation of specialist diets (Paul, 1985).
Suggestions for Future Work
For the reasons given earlier in this chapter, this study 
covered only a small number of areas of milk supply and a 
relatively short period of time. Having demonstrated the 
viability of the method of preparation and analysis, it
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would be of interest to expand the work as follows.
1) Extend the range of elements under investigation, which 
can be readily achieved using ICP-MS instrumentation.
2) Increase the number of areas from which samples are 
taken to include Wales, central and northern England and 
if possible, parts of Ireland.
3) Continue the collection and analysis of samples for at 
least two years to see if the apparent patterns are 
repeated.
4) The samples used in this study were from milks pooled 
from a number of farms at processing dairies. It might be 
of interest to perform a study of samples from individual 
farms in an area of interesting geology.
5) Only whole (full cream) milk was considered in this 
study. With the continuing trend towards consumption of 
fat-reduced milks, it would be of value to determine the 
effects of such processing on the mineral composition of 
these products.
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CHAPTER FOUR
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4.1 Requirements of Tissue Analysis
4.1.1 Introduction
Several naturally occurring mineral deficiency or 
intoxication conditions were discussed in section 1.1.3. 
It is now generally agreed that the majority of direct 
causal relationships between elements and environment have 
been discovered and attention has in recent years been 
directed towards investigating disease states in which 
mineral elements may be part of a much more complicated 
picture. Hambridge (1980) suggested that the potential 
risks of exposure to toxic levels, or imbalances of trace 
elements in the modern urban environment, or in industry, 
urgently need more comprehensive research.
A condition currently receiving a great deal of publicity 
is a distressing form of pre-senile dementing illness 
known as Alzheimer's Disease. A short account of the 
history, pathology and possible causes of this condition 
is made in later in this chapter together with a report of 
the experimental work conducted in this area.
It is appropriate to first expand a little on the problems 
of biological mineral research as specific to the 
experimental work described below.
4.1.2 Mineral Analysis in Biological Systems
The major factors to consider in designing a biological 
mineral investigation (suitability of samples, appropriate
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handling techniques etc.) were discussed in section 2.4.1. 
There has been mounting concern expressed in the 
literature in recent years about the validity of some of 
the published values on analysis of tissue samples and 
there are many recommended methods outlined by authors on 
appropriate means of obtaining reliable data (Hamilton, 
1980; Versieck, 1987). Ventakesh Iyengar, who has 
published extensively on the problems of biological 
mineral analysis (Iyengar, 1986a; 1986b; 1988a) suggests
that studies on the elemental composition of biological 
specimens can be divided into four stages
a) conception of the experimental design
b) procurement of valid samples
c) chemical analysis
d) data interpretation 
(Iyengar, 1988b).
In the above paper, Iyengar stresses the need for the 
analyst to be involved from the start of the experiment in 
order that he may closely control each stage of the 
process. It is particularly important to establish a 
standard procedure for the collection of the biological 
samples of interest so that no sporadic error is 
introduced by those preparing the samples. For the 
experimental work described in section 4.5, a detailed 
collection protocol was agreed with the pathologist 
responsible for taking the samples before any preparations 
or analyses were made.
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4.1.3 The Establishment of Reference Values for Elemental 
Concentrations in Human Tissues and Body Fluids.
The advent of sensitive analytical techniques in the last 
few decades and at the same time a growing interest in the 
relation of mineral elements to man's health has resulted 
in the publication of a vast amount of data on the 
elemental content of human fluids and tissues. Although 
such widespread research activity is, on the whole, to be 
welcomed, it has created in its wake a new problem for 
analysts. Ranges of values appearing in the literature 
for normal adult tissue have tended in many instances to 
be very wide, in some cases varying from one author to 
another by several orders of magnitude. This has led 
several workers in the area to question the validity of 
much of the available data and to attempt to establish 
some level of agreement on values through critical 
examination of the data available. The most notable of 
such publications was produced in 1978 by Iyengar and co­
workers entitled 'The Elemental Composition of Human 
Tissues and Body Fluids', a compilation of data extracted 
from some 1030 papers covering 55 organs and body fluids 
for up to 70 elements and as such represents the most 
comprehensive review to date of such information.
Other less substantial reviews have also appeared on 
similar general themes or on more specific samples or 
groups of elements (Versieck, 1985; Hamilton, 1972/73 and
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Versieck, 1980). However, writing as recently as 1987, 
Versieck states that 'reference values for trace-element 
concentrations in human body fluids and tissues remain 
under debate, and reports of variations in physiological 
and pathological conditions are conflicting1.
Several problems were identified by Versieck as 
contributing to the discrepancies in values obtained, 
including sample collection and preparation (contamination 
etc.) and errors in analytical measurements themselves. 
Several authors, as previously reported, have described 
appropriate methods of sample preparation to avoid 
contamination and the growing availability of biological 
reference materials (see section 2.4.2) is helping to 
eradicate the publication of suspect values from 
laboratories not validating their results by analysis of 
appropriate reference materials.
Using a range of published analytical data for elemental 
composition of human samples, ranges of values for the 
tissues considered in the experimental work described in 
section 4.5 have been compiled and are shown in Tables 4.1 
and 4.2 below. References used in the compilation of 
these tables: Iyengar, 1988a, 1978; Versieck, 1985, 1980;
Markesbery, 1984a; Greiner, 1975; Gooddy, 1975; Craelius, 
1980; Ehmann, 1986; Meret, 1971; Hershey, 1983, 1984; 
Lapatto, 1988; El-Yazigi, 1984, 1986; Bogden, 1977.
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Element Blood Serum Brain Tissue
Na 3130 - 3370 1130 - 1833
Mg 19.7 - 27.5 93 - 11000
A1 0.00 - 14.0 0.467 - 360
Si 2.24 - 10 23 - 300
K 172 - 180 2324 - 200,000
Ca 85.1 - 115 38.5 - 8400
Cr 0.00 - 0.073 0.01 - 3.50
Mn 0.0004 - 0.14 0.171 - 34
Fe 0.8 - 1.87 31.7 - 5800
Co 0.00 - 0.073 ND - 450
Ni 0.00 - 0.277 ND - 0.40
Cu 0.41 - 2.875 2.45 - 460
Zn 0.32 - 11.4 6.74 - 1200
Ga < 0.04 ND - 12.8
Se 0.046 - 0.182 0.09 - 1.64
Mo 0.0002 - 0.668 0.10 - 0.21
Cd 0.0023 - 0.012 ND - 0.50
Sn 0.04 - 0.35 ND - 0.55
Hg 0.001 - 0.018 0.005 - 2.94
Pb 0.016 - 0.3 0.13 - 14
Values expressed in pg.mL-1 or pg.g-1
Table 4.1 : Literature Values for 20 Elements in Human 
Blood Serum and Brain Tissue.
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Element Cerebrospinal Fluid Ocular Fluid
Na 3115 - 3353
Mg 24.6 - 47.8
A1 0.21 - 0.327
Si 0.076 - 0.21
K 18 - 1079
Ca 0.026 - 81.3
Cr -
Mn 0.0007 - 0.002
Fe 0.015 - 1.03
Co -
Ni -
Cu 0.017 - 1.65
Zn 0.007 - 1.5 0.0001 - 0.021
Ga -
Se 0.019
Mo 0.007
Cd 0.0015
Sn -
Hg -
Pb 0.016 - 0.60
Values expressed in pg.mL-1
Table 4.2 : Literature Values for 20 Elements in Human 
Cerebrospinal Fluid and Eye Fluid.
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A shown in Table 4.1, there has been a considerable amount 
of data produced on the elemental composition of human 
blood serum and brain tissue and although 
ranges of reported values for some elements are wide, 
there is considerable agreement for some of the major 
elements. This is not the case, however, for either 
cerebrospinal fluid or ocular fluid, which appear to have 
received little attention from the mineral analyst. Few 
reports of such analyses are to be found in the 
literature, particularly for ocular (eye) fluids and hence 
the compilation of literature ranges is not complete. The 
experimental work reported in section 4.5 can thus only be 
viewed as an attempt to establish preliminary values for 
the 20 elements examined in this study.
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4.2 Alzheimer's Disease
4.2.1 Historical Aspects and Terminology
'Dementia is the acquired global impairment 
of higher cortical functions, including memory, 
the capacity to solve the problems of day-to-day 
living, the performance of learned perceptuo- 
motor skills, the correct use of social skills, 
all aspects of language and communication, and 
the control of emotional reactions, in the 
absence of gross clouding of consciousness.
The condition is often progressive though not 
necessarily irreversible.'
Royal College of Phyicians, (1982)
Alzheimer's Disease is a
'progressive form of dementia occurring in 
middle age, for which there is no treatment. It 
is associated with diffuse degeneration of the 
brain'
Martin, (1982)
A number of terms are used to describe the condition of 
dementia? in some circumstances, these help in defining a 
specific condition but in others add confusion to the 
diagnosis. For example, the same condition is referred to 
as Primary Degenerative Dementia (PDD) by American 
psychiatrists and Senile Dementia of the Alzheimer Type
(SDAT) by most other investigators. Variations of this 
term are often used and include simply Alzheimer’s Disease 
or Senile Dementia. For the purposes of this study, the 
term Alzheimer's Disease is used to refer to the classical 
clinical syndrome, with dementia of gradual onset and 
course accompanied by the neuropathologic changes in the 
brain, originally characterised by Alois Alzheimer at the 
turn of the century (see section 4.2.3).
The first documentation of the condition appeared in 1907 
by a German physician, Alois Alzheimer (1864-1915) working 
in Munich (Alzheimer, 1907). Alzheimer describes the case 
of a 51 year old institutionalised woman over a period of 
four and a half years until her death and subsequent 
autopsy examination. From early disorientation as to time 
and place, the woman's decline became increasingly rapid 
until she had lost all powers of co-ordination and speech 
and was confined to bed in a permanent foetal position and 
was doubly incontinent.
The pathological examination of the woman's brain made at 
autopsy by Alzheimer was to form the basis of diagnosis 
for this distressing condition, which remains little 
altered today. Using techniques which today appear rather 
basic, Alzheimer was able to distinguish the sites of 
primary degeneration of the disease which are now known as 
neurofibrillary plaques and tangles (see section 4.2.3).
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4.2.2 Prevalence of Alzheimer's Disease
It is difficult, if not impossible, to state how many 
people are affected by Alzheimer's Disease. Although 
several studies have sought to estimate the numbers 
involved, they often contain flaws in the way data has 
been collected and interpreted:-
a) size of sample taken is too small
b) an inadequate range of ages have been included
c) variability exists in the criteria used for making 
diagnoses
(WHO, 1986).
However, lacking other data, it is necessary to draw some 
baseline figures at least from such estimations as exist.
Elderly people (men and women together) now constitute 15% 
of the population of the U.K. compared to a figure of 4% 
in 1900. The increasing longevity of the population has 
been brought about through improvements in sanitation, 
nutrition, medicine and general living conditions. 
Estimates of the incidence of dementia in this group vary, 
although it is generally agreed that Alzheimer's Disease 
accounts for approximately 50% of people diagnosed as 
demented and is a contributory factor in a further 20% 
(Todorov, 1975).
According to Hardy (1988) one in 14 of the 8 million men 
and women in the U.K. over the age of 65 are demented, a
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total of 570,000 people. Murphy (1986) however, suggests 
that approximately one in ten of this 8 million (i.e. 
800,000) have some form of dementia or serious confusion. 
In their publicity leaflet, the national Alzheimer's 
Disease Society suggest that some 750,000 people over the 
age of 65 are affected. Estimates from the United States 
suggest that an even greater problem exists? Reisberg 
(1983) estimates that approximately 5% of the population 
up to 65 years of age and up to 20% of the over 80's are 
affected.
Whatever the real numbers might be, it seems that a 
significant proportion of the elderly population could be 
suffering in some way. As the proportion of elderly 
people in society continues to increase, the costs and 
problems of caring for them will also escalate. In 1988, 
the cost of chronic care alone for this group in the U.K. 
amounted to some £2 billion (Hardy, 1988) . Such a figure 
does not include all the 'free' nursing given by families 
of those affected and voluntary organisations and the real 
cost is thought to be considerably higher.
4.2.3. The Pathology and Diagnosis of Alzheimer's Disease
Three years after the publication of Alzheimer's 
original paper in 1907, Alzheimer's presenile dementia was 
codified by the great psychiatric nosologist Emil 
Kraepelin as a distinct entity (Henderson, 1989) . For 
many years thereafter, Alzheimer's Disease has been viewed
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as an uncommon dementing disorder with onset before 65 
years and characterised by microscopic findings of tangles 
and plaques (see below) (Henderson, 1989). In recent 
years, several authors have concluded that presenile and 
senile forms of this illness are not readily 
distinguishable and that the major pathological symptoms 
thought originally to be specific to Alzheimer's Disease 
are in fact found to some extent in the normal aged brain 
and in several other conditions.
In current guidelines for the establishment of a probable 
diagnosis of Alzheimer's Disease, one of the first steps 
is to rule out, as far as is possible, other systematic or 
neurological illnesses which might account for the 
deterioration.
The earliest symptom in the onset of the condition has 
been termed the 'forgetfulness phase' and is noticeable to 
the individual and his close acquaintances by increasing 
difficulty in recalling familiar places and objects. There 
is also a tendency to frequently misplace everyday objects 
which may cause some irritability and a slight feeling of 
shame on the part of the patient. Apart from these memory 
problems, the individual at this stage remains capable of 
continuing employment and participating in social matters.
The second phase of decline has been termed the 
'confusional phase' and is seen to begin at the point at 
which cognitive deficit becomes identifiable in the course
216
of a detailed clinical interview (Reisberg, 1983). This 
deficit is characterised by difficulties in recalling 
names of colleagues or in recalling details of recent 
events. The patient may also become disorientated and 
totally lost in familiar surroundings. Communication and 
social skills are generally not affected, although a 
feeling of helplessness may develop on the part of both 
the patients and those closest to them.
The 'dementia phase’ can be defined as beginning at the 
point at which, left on their own, patients can no longer 
survive (Reisberg, 1983). In the earlier stages, the 
patient may find difficulty in dressing and choosing 
appropriate clothing. The memory worsens quite
dramatically to the extent that the individual cannot 
recall the year, their address or even cities in which 
they have lived. As the phase progresses, patients lose 
the ability to handle cutlery and require assistance in 
toileting. All memories, recent and long-term, are lost 
and they often even forget the name of the spouse who is 
in constant attendance In short, all identity is lost. 
Ultimately, all ability to speak is lost; patients can 
only stare blankly and grunt (Reisberg, 1983).
Although the pattern of progressive psychological 
deterioration defines the disease in life, only after 
death can a definitive diagnosis be made (Iversen 1988) 
when a detailed post-mortem examination of the brain is
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carried out and the lesions characteristic to the disease
are identified. Several studies have attempted to
correlate the clinical symptoms and pathological findings 
of the disease. Henderson (1989) lists five authors
reporting the specificity of an Alzheimer's Disease 
diagnosis based on clinical criteria vis-A-vis post-mortem 
confirmation to be in the order of 75-90%. Similarly, 
Roth (1986) reports an orderly and strict relationship has 
been shown to exist between the clinical and pathological 
phenomena.
Macroscopic Changes in the Brain in Alzheimer*s Disease 
From the age of about twenty, there is a gradual reduction 
in brain weight in intellectually normal people which 
accelerates after the age of fifty. The most 
obvious finding in the brain at autopsy is a greater 
reduction in weight compared to non demented people of 
comparable age. In extreme cases, the atrophy results in 
a reduction of brain weight to 800g or less, a loss of 
400-500g compared with the normal age-matched weight 
(Brun, 1983). This decrease in mass is due to a reduction 
in grey and white matter, and although generalised, the 
atrophy is more marked in certain areas of the brain. 
Frontal, temporal and posterior parietal regions appear to 
be most affected, particularly in younger patients. In
older patients, atrophy is often confined to temporal 
lobes (Mann, 1988). As a result of this atrophy, there is 
a narrowing of the gyri (the raised convolutions of the
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cerebral cortex) and a widening of the sulci (the 
infoldings or clefts on the surface of the brain). 
Figures 4.1 and 4.2 respectively illustrate the typical 
appearance of a normal adult brain and atrophied brain as 
found in Alzheimer's Disease.
Microscopic Changes: Plaques and Tangles
Neuropathological diagnosis of Alzheimer's Disease is 
based on the presence of certain characteristic lesions in 
the brain at autopsy, namely neurofibrillary tangles and 
neuritic plaques.
Neurofibrillary Tangles
Neurofibrillary tangles in the brain of a dement were 
first identified by Alzheimer using Bielschowsky's silver 
impregnation stain for neurofibrils and reported in his 
1907 paper. Electron microscopy shows these 'tangles' to 
be bundles of paired helical filaments, each about lOnm in 
diameter with a helical twist every 80nm (Scholtz, 1988). 
There is much controversy concerning the origins of such 
structures; one suggestion is that aluminium can cause the 
accumulation of neurofilaments (see section 4.3.2). 
Further detail on neurofibrillary tangles is beyond the 
scope of this work; the diagnostic criteria applied by the 
pathologist taking the samples for the experimental work 
reported in 4.5 is given below. Figure 4.3 shows the 
typical appearance of tangles in a post-mortem brain 
tissue section of a confirmed Alzheimer case.
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Figure 4.1 : Lateral View of a Normal Adult Brain
Figure 4.2 : Lateral View of an Elderly Individual 
with Alzheimer's Disease, Showing 
Atrophy
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Figure 4.3 : Neurofibrillary Tangles (NFT's) in a 
Brain Section in Alzheimer’s Disease. 
The dark 'tadpole like1 structures are 
the NFT's.
Figure 4.4 : Neuritic Plaques in a Brain Section in 
Alzheimer's Disease.
The two circular plaques can be clearly 
seen on the left of the photograph.
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Neuritic Plaques
Like neurofibrillary tangles, neuritic, senile or amyloid 
plaques, are not specific to Alzheimer's Disease but also 
occur in normal human ageing as well as in middle-aged 
Down's syndrome individuals (Whalley, 1982). Neuritic 
plaques, illustrated in Figure 4.4, are discrete round or 
oval structures which are also sensitive to silver 
staining techniques. They are approximately 5 to 150|jm in 
diameter and consist of a central core of amyloid (an 
homogeneous protein material) and inorganic materials such 
as aluminosilicates surrounded by abnormal, distended, 
unmyelinated neurites.
Several authors have attempted to correlate the occurrence 
of these structures with the magnitude of cognitive 
deterioration, although the viability of such an exercise 
remains controversial (Roth, 1986; Reisberg, 1983).
In the experimental work described in section 4.5 of this 
work, the pathologist responsible for collecting the 
samples based his verification of Alzheimer's Disease at 
post-mortem on the criteria described below.
" Samples for the autopsy study of brain trace elements 
were taken from selected autopsy cases in which either 
there was no history of dementia nor neurological symptoms 
and from which death had occurred as a result of other 
intercurrent causes such as myocardial infarction, or for 
the dementia group, there was a history of progressive
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dementia and a clinical diagnosis of Alzheimer's Disease. 
Pathological diagnosis was based on microscopic 
examination of formalin fixed brain tissue taken from the 
full hippocampus, frontal, temporal, parietal and 
occipital lobes. Paraffin embedded sections from these 
areas were stained with Cross's modified palmgren stain to 
demonstrate neurofibrillary tangles, haematoxylin and 
eosin for general assessment of cellular morphology and 
density, Congo red for amlyoid deposition both in plaque 
core and leptomeningeal vascular wall amyloid deposits. 
In addition, frozen fixed material was stained using von 
Braumuhl1s technique for argyrophilic plaques.
All the Alzheimer cases showed large numbers of 
neurofibrillary tangles and argyrophilic plaques in the 
hippocampus, frontal, temporal and to a lesser degree in 
the parietal cortex, confirming the diagnosis of 
Alzheimer's Disease. The control cases showed occasional 
argyrophilic plaques and neurofibrillary tangles but these 
changes were confined to the hippocampus only and can be 
considered to be an age-related phenomena only."
McDonald, (1989).
4.2.4. Conceptual Models of Alzheimer's Disease
Wurtman (1985) summarised the various areas of 
investigation being pursued in a bid to discover the cause 
of Alzheimer's Disease and classified them as six 
conceptual models. These models are considered briefly
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below with the observational or experimental evidence as 
appropriate. A summary of these concepts is shown in 
Figure 4.5.
GENETIC
Familial
patterns
observed^
INFECTIOUS AGENT
Kuru, Scrapie & 
Creutzfeldt-Jakob 
(transmitted) 
-similarities?
TOXIC AGENT
Increased Levels 
of A1 deposits 
observed in 
plaques & tangles
▲
ALZHEIMER’S DISEASE 
CONCEPTUAL MODELS
ABNORMAL PROTEIN
Formation of 
amyloid plaques & 
tangles
BLOOD-FLOW
Dramatic decrease 
in blood flow to 
brain and hence 
less O2
ACETYLCHOLINE
Reduced levels of 
CAT reflects loss 
of specific nerve 
terminals in brain
Figure 4.5 : Conceptual Models in Alzheimer's Disease 
Source : Wurtman (1985)
1) The Genetic Model
It has been suggested that there are two distinct forms of 
Alzheimer's Disease; a relatively mild nonfamilial form 
generally affecting very old people and a genetically
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transmitted variant that accounts for about three-quarters 
of all cases noted. Several families have been identified 
in which the incidence of the disease is unusually high, 
suggesting the possibility of some genetic factor being 
involved. This theory is further supported by the fact 
that the majority of people with Down’s Syndrome (a known 
genetic disorder) who survive past the age of forty, 
develop Alzheimer-type pathologies (Whalley, 1982).
2) The Abnormal-Protein Model
Neurofibrillary tangles and neuritic plaques (described 
earlier as in part verifying the diagnosis of Alzheimer’s 
Disease) are abnormal protein structures. Much research 
has been directed in recent years to establishing the 
source of these abnormalities. Is their synthesis 
directed by abnormal genes? Alternatively, are precursor 
proteins encoded by normal genes and then subjected to 
abnormal modifications, perhaps by an abnormal enzyme or 
by one that is improperly activated (possibly by an 
environmental toxin) ? (Wurtman, 1985) . This model 
demonstrates the complexity of the problem of Alzheimer's 
Disease, in that several factors may be involved in the 
disease's aetiology.
3) The Infectious-Agent Model
Supporters of this model base their theories on 
similarities of Alzheimer's degeneration and pathology to 
three disease known to be transmissible. Kuru, a disease
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found only in one tribe in Papua New Guinea, involves a 
progressive degeneration of cells in the central nervous 
system and is thought to be caused by a virus transmitted 
by cannibalism. Creutzfeldt-Jakob disease (CJD) occurs 
world-wide and is another form of presenile dementia which 
can be transmitted to laboratory animals. Scrapie, a 
brain degenerating disease seen in sheep, has also been
shown to be transmissible to other animals. If
Alzheimer’s Disease was found to be caused by some 
infectious agent, it should also be transmissible;
attempts to demonstrate this have so far been 
unsuccessful.
4) The Toxin Model
Another aetiological hypothesis has centred on the 
involvement of a toxic agent and much interest has been
shown in the association of aluminium with this theory. 
The original suggestion for this association came in 1965 
when Klatzo (1965) described the formation of
neurofibrillary tangles in rabbit brains following 
injection of aluminium salts. The experimental work
described in section 4.5 centres on this theme of an 
environmental toxin? the role of aluminium as the possible 
cause of Alzheimer's degeneration is further discussed in 
section 4.3.
5) The Blood-Flow Model
Blood flow to the brain declines with age but in normal
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adults this has no deleterious effect since the brain is 
able to compensate by extracting a larger proportion of 
the oxygen carried by the blood. In Alzheimer's Disease, 
there is a further decrease in cerebral circulation but no 
additional compensatory increase in the amount of oxygen 
extracted. Research in this area centres on the question 
of whether the reduction in the brain's ability to obtain 
chemical energy is a cause or a consequence of the damage 
caused to neurons in Alzheimer’s Disease.
6) The Acetylcholine Model
The first clear biochemical abnormality associated with 
Alzheimer's Disease was demonstrated in 1976 by workers in 
Edinburgh and London (Wurtman, 1985) who found that the 
level of the enzyme choline acetyltransferase (CAT) can be 
severely reduced in certain parts of the Alzheimer brain. 
The enzyme is required to catalyse the synthesis of 
acetylcholine from its precursors (choline and acetyl 
coenzyme A ) . The loss of such synthesising ability 
results in reduced levels of CAT in the hippocampus and
may in some part explain the loss of memory which is
characteristic of the condition. Work is currently 
progressing to develop drugs to restore the acetylcholine 
level in the brain.
Wurtman concludes by suggesting that it is time for
workers of all disciplines in Alzheimer's Disease research 
to work more closely with one another so that the
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different lines of investigation being pursued may be 
consolidated. It appears unlikely that Alzheimer's 
Disease will be found to be due to just one isolated 
entity and communication between investigators can only 
serve to hasten the resolution of the problem.
4.3 The Aluminium Controversy
4.3.1 Introduction
As mentioned earlier, the suggestion that aluminium might 
cause Alzheimer's Disease first arose over 20 years ago 
when Klatzo and co-workers (1965) reported the 
experimental induction of neurofibrillary degeneration in 
rabbit's brain (similar to that observed in human 
Alzheimer's Disease) following exposure of the central 
nervous system to aluminium salts. These experimentally 
induced neurofilamentous changes were originally 
considered to be comparable to human neurofibrillary 
tangles (Perl, 1985) and since the mid 1970's there has 
been growing interest in the biological importance of 
aluminium as a result of the proposed evidence for the 
systematic toxicity of the element and the development of 
accurate analytical techniques (Alfrey, 1986) .
Before examining the arguments for and against aluminium, 
it is appropriate to first consider a few facts about 
aluminium itself.
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Aluminium in Man and the Environment
Aluminium is the third most abundant element in nature 
(after oxygen and silicon) and is found at a level of 
about 8% in the earth's crust. Aluminium is ubiquitous; 
it is found in soils, minerals and rocks, in the air and 
water, not as the free metal but rather as a variety of 
more stable compounds such as aluminium sulphate (alum), 
fluoride, oxide or silicate. Aluminium in the air is 
derived from a variety of sources, such as dry soil, coal 
combustion, vehicle exhausts and cigarette smoke. Because 
of its presence in most systems, it is practically 
impossible either to assess total exposure to the element 
or to exclude it entirely in controlled laboratory 
experiments.
Small amounts of aluminium are present in body organs, 
tissues and fluids from birth (Epstein, 1985) and the 
total amount of aluminium in the adult body has been 
estimated at 295mg (Skalsky, 1983); based on these two 
facts, it has been suspected that aluminium may be an 
essential element. However, there is no conclusive 
evidence to date to support such a theory and indeed 
general consensus of opinion appears to be that aluminium 
is a potentially toxic element. As analytical methodology 
has improved, normal concentrations of aluminium, 
especially in blood, have been found to be considerably 
lower than first estimated (Alfrey, 1986), although there 
appears to be little agreement in the literature on what
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these levels might be. Major discrepancies exist even in 
the total body burden of aluminium; in comparison to the 
295mg suggested by Skalsky above, Krishnan (1988) suggests 
that total body burden in a normal healthy adult is nearer 
30mg. It would appear that further, more carefully 
executed research with the new highly sensitive techniques 
is required before reference values for aluminium in human 
tissues can be firmly established.
Origins of the Aluminium Controversy
The possible association of aluminium with Alzheimer's 
Disease was first suggested in the early 1970's by a 
number of researchers working with experimental animals. 
Klatzo's initial study led many groups to attempt to 
reproduce the degeneration caused by aluminium and 
subsequently to look for increased levels of the element 
in the brains of victims of Alzheimer's Disease. One of 
the first such studies to reach the literature was that of 
Crapper and co-workers (1973) who reported that injection 
of trace amounts of aluminium salts into the brain of 
certain animals induced a progressive encephalopathy with 
features resembling those found in Alzheimer's Disease 
(see section 4.2.3). Following this rather startling and 
potentially very important finding, other workers 
attempted to repeat Crapper's experiments although some 
met with only minimal success and the original work has 
been regarded as controversial ever since. However, some 
workers did manage to produce so-called Alzheimer changes
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in experimental animals using aluminium but it was then 
discovered that the neurofibrillary degeneration thus 
produced, although similar, was not identical to the 
pathological changes observed in human Alzheimer's 
Disease. As described in section 4.2.3, the
neurofibrillary tangles found in Alzheimer's Disease are 
made up of paired helical filaments whereas the 
artificially induced tangles are composed of only single 
tubules - a quite different structure.
There have been similar discrepancies in the finding of 
increased levels of aluminium in the tissues of 
Alzheimer's victims. Not surprisingly, studies in which 
workers have failed to detect increased levels of the 
element (Hershey, 1983; McDermott, 1979) have been 
dismissed by supporters of the aluminium model, on the 
basis that experimental procedures were inappropriate or 
that the analytical methods used were not sufficiently 
sensitive. Such contradictory findings have created a
split in the medical community - those supporting the
aluminium theory and those dismissing it. A summary of
the sort of evidence presented by both parties in support 
of their cause is given below.
’Aluminium is the cause of Alzheimer's Disease'
Vehement support for the 'case against aluminium’ is
maintained by the original researchers who first reported 
increased levels of aluminium in brain (e.g. Crapper and
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Krishnan) despite not only contradictory findings but 
clear evidence that aluminium induced tangles are not like 
those present in Alzheimer's Disease.
The 'aluminium cause1 is currently receiving much 
attention from the popular press, particularly since 
reports of aluminium poisoning in South West England in 
the summer of 1988 and presumably because excess aluminium 
is an easy concept to understand as the cause of the 
disease. Moreover, the general population perhaps feel 
they are able to prevent the onset of Alzheimer's Disease 
by excluding the obvious sources of ingested aluminium 
from their diet. Perhaps for this reason more than any 
other, the controversy surrounding aluminium should be 
finally resolved.
A report by Krishnan in 1988 entitled 'The Case Against 
Aluminium' has the following phrase on it's cover sheet as 
published in Canadian Research (March, 1988): 'Evidence
is mounting that aluminium - an element previously 
considered harmless - is linked to Alzheimer's Disease', 
suggesting that Krishnan at least is still a staunch 
supporter of this theory. Interestingly, in this same 
article, Krishnan acknowledges that the degeneration 
caused by aluminium in animals is not the same as that 
seen in Alzheimer's Disease but offers no explanation for 
this finding and instead stresses the number of 
laboratories which have reported elevated levels of
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aluminium associated with neurofibrillary degeneration 
now totalling 9 world-wide.
Upholders of the aluminium theory claim two other factors 
support their views. The first of these is the finding by 
several workers of aluminosilicates in the neuritic 
plaques in the brain of victims of Alzheimer's Disease; 
this finding is described in more detail in section 4.3.2 
below. The second factor refers to the finding of
increased levels of aluminium in the brains of people who 
were victims of dialysis encephalopathy, first reported in 
the early 1970's. In several kidney dialysis centres 
throughout the world, many patients had developed so- 
called 'dialysis dementia1 after several months of
treatment; in some cases the condition proved fatal. In 
1978, McDermott and coworkers examined the water supply 
used to make up dialysate at various affected centres and 
found a positive correlation in the incidence of dialysis 
dementia with the amount of aluminium in the tap water. 
Since this finding, only deionised water is used to 
prepare dialysates and the problem has been eliminated.
The suggested relationship of Alzheimer's Disease to
dialysis dementia caused by aluminium is thus apparent.
'Aluminium is not the cause of Alzheimer's Disease'
As illustrated by Wurtman (1985) in his conceptual models 
paper and described in section 4.2.4 of this work, various 
theories are currently being explored to find the cause or
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causes of Alzheimer's Disease. It is interesting in this 
context to note that in recent years the number of papers 
appearing in the literature concerning the genetic and 
acetylcholine models have outnumbered those supporting the 
aluminium theory. One writer to report at length on this 
recent turn of events is S. Epstein of the Aluminium 
Association, whose vested interest obviously lies in
demonstrating the safety of the element in all respects. 
Epstein (1984 and 1985) points out that even if aluminium 
is demonstrated to be elevated in Alzheimer's Disease 
tissues, researchers admit that they still would not know 
whether it was contributing to the disease or whether its 
presence was a result of the disease. Epstein also refers 
to the fact that aluminium-induced changes in animals are 
not the same as the neurofibrillary tangles found in
Alzheimer's Disease and that aluminium injection never 
produces senile plaques, the second body which must be
present for a firm diagnosis of the disease.
4.3.2 Aluminium, Silicon and Senile Plaque Formation
As mentioned in section 4.3.1, supporters of the 
'aluminium is the cause of Alzheimer's Disease' make use 
of the fact that aluminium has been identified in the 
neuritic (senile) plaques found in the autopsied brain in 
Alzheimer's Disease. Following reports that levels of
aluminium were increased in Alzheimer verified brain 
material work began to identify the deposition sites of
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the element. Highly sophisticated techniques such as 
high-resolution solid-state nuclear magnetic resonance 
have been employed (Candy, 1986) to examine isolated
plaques. Using this method, Candy and coworkers (1986) 
found aluminium and silicon to be present as 
aluminosilicates at the centre of the senile plaque cores. 
This led the group to suggest that these elements might be 
involved in the initiation or early stages of senile 
plaque formation. Other workers have used alternative 
techniques to examine plaques and have reported similar 
observations (Perl, 1986).
Having established that aluminosilicates are probably 
present in neuritic plaques, it remains to be decided 
whether such deposits are a cause or consequence of the 
disease. Ferry (1986) proposes that the presence of 
aluminosilicates at the very centre of the plaque core 
suggests that they may be involved in the early 
development of the plaque. As plaques appear early in the 
disease and are also found in the brains of elderly people 
with no sign of dementia, the formation of 
aluminosilicates may well be one of the first changes to 
take place on the road to dementia.
As with the controversy surrounding the question of 
whether or not aluminium is increased in Alzheimer's 
Disease brains, so many arguments are raised about the 
validity of aluminosilicates as a cause or effect of
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plaque formation.
4.3.3 Aluminium in Food and Diets
As described above, the finding of aluminium in the brain 
is a common factor in Alzheimer's Disease and normal 
ageing and does not necessarily indicate that aluminium is 
an aetiological agent. How aluminium might cross the 
blood-brain barrier to accumulate in the brain remains an 
intriguing question. However, reports of this aluminium 
deposition have prompted an enormous number of diverse 
studies to identify and measure environmental sources of 
aluminium that might contribute to an accumulation of the 
metal in the brain.
Aluminium in Foods
In 1985 the Ministry of Agriculture, Fisheries and Food 
(MAFF, 1985b) published its findings on the aluminium 
content of the British diet. Using the established Total 
Diet study which contains the types and amounts of foods 
considered to reflect the typical British diet, an 
estimated intake of 6mg aluminium per day was calculated. 
The contribution made by canned foods to total aluminium 
was also assessed. In a diet with no canned food, an 
average 7mg per day of aluminium would be consumed? in a 
diet containing canned food wherever possible, this figure 
is only 5mg per day, clearly demonstrating that canned 
food does not contribute above average amounts of 
aluminium to the diet (MAFF, 1985b). Other authors have
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reported higher estimates of daily aluminium intake from 
food. Tipton (1966) reported intakes to be in the region 
of 18-22mg per day whilst Greger (1985) reported an even 
higher estimate of 26.5 mg per day. Varo (1980) found
values more in line with the MAFF estimate of 7mg per day. 
In the work reported by Greger (1985) which gave the 
highest estimate, the major aluminium contribution was 
made by the 'grains' category which, containing a large 
amount of baking powder (sodium aluminium phosphate)
contributed an estimated 18.4 mg of aluminium per day to 
the American diet. In the MAFF estimates of aluminium in 
crops, wheat is analysed 'raw' (i.e. not as prepared
flour) and a mean value of 2.4mg/Kg is given. Such
discrepancies in data handling and interpretation are more 
likely to explain the large differences seen between the 
U.K. and U.S.A. than actual compositional differences in 
the food supplies.
Aluminium from Cookware
Ever since the first aluminium saucepans were produced in 
1886 (Epstein, 1984), there have been claims concerning 
alleged adverse health effects resulting from exposure to 
the metal in this way. Such allegations continued to 
arise from time to time despite a total lack of support 
from the scientific community. Following reports of the 
finding of aluminium in the brains of Alzheimer's Disease 
victims in the mid 1970's there was renewed interest in 
the possibility of ingesting potentially toxic amounts of
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aluminium from cookware and a number of authors reported 
studies on the leeching of aluminium from saucepans. Trapp 
(1981) and Koning (1981) found that aluminium cookware is 
subject to destruction by some foods, particularly acidic 
foods such as rhubarb, as shown by the increase in 
aluminium content of the foods cooked. Koning (1981) 
calculated that cooking even highly acidic foods in this 
way would add no more than 1.62mg aluminium per lOOg food 
and pointed out that the majority of ingested aluminium is 
excreted in the faeces. Lione (1982a) however, reported 
that use of aluminium saucepans can add as much as 4mg 
aluminium to each serving of some foods and suggested that 
"it would appear prudent to avoid the use of such utensils 
for the food of individuals who might benefit from a 
restriction of aluminium intake."
Other Sources of Aluminium
Lione continued to study sources of ingested aluminium and 
in 1982 (Lione, 1982b) reported on the mobilisation of 
aluminium from chewing gum. Analysis of various brands of 
gum before and after chewing showed that of a maximum 4mg 
aluminium per stick, between 2 and 21% is ingested during 
chewing. Lione concluded that although the aluminium 
content of some chewing gums is relatively large, they are 
unlikely to contribute significantly to the daily intake 
of dietary aluminium.
Lione also considered aluminium coffee percolators as a
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source of dietary aluminium (Lione, 1984) and reported 
that percolators that had been used repeatedly were less 
susceptible to mobilisation of aluminium by coffee than 
new vessels. In both these studies, Lione acknowledges 
that although the amount of aluminium ingested can be 
measured, no account of the bioavailability and therefore 
the real relevance of the amount of aluminium from these 
sources can be determined.
Coriat (1986) warns of the amount of aluminium which could 
be derived from an average daily consumption of tea.
Regular infusions of Indian and Chinese teas, prepared
with soft tap water, were found to contain an average of 
40 and 60 ijg.mL-1 aluminium respectively. As many Britons 
drink up to a litre of tea each day, this source alone 
could be supplying some 60mg aluminium per day - an order
of magnitude more than estimated by the U.K. Total Diet
study (MAFF, 1985b).
Of far greater concern should be the amount of aluminium 
in some non-prescription drugs such as antacid 
preparations and buffered aspirins. Lione (1983) found 
antacids to contain between 35 and 208 mg aluminium per 
recommended dose; taking the maximum permitted daily dose 
could mean ingestion of between 840 and 5000mg aluminium 
per day. Kaehny (1977) reported that administering normal 
doses of aluminium containing antacids produced a 
significant increase in plasma aluminium and urinary
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aluminium excretion, suggesting that normal adults can 
absorb measurable amounts of ingested aluminium.
In all these studies reporting excessive ingestion of 
aluminium it is important to remember that little is known 
about human absorption and metabolism of aluminium and 
that no association has yet been demonstrated between the 
amount of aluminium ingested and that found in the brain 
of Alzheimer's Disease patients at autopsy. Until firm 
evidence for such a correlation is available, it would not 
be appropriate to advise exclusion of aluminium from the 
diet - even if this were possible.
4.3.4 Aluminium in Water Supplies
Concern about the amount of aluminium in water supplies 
has arisen because of the extensive use of aluminium 
sulphates as coagulating (flocculating) agents in water 
treatment. In many countries, guidelines have been 
established for recommended residual concentrations of 
aluminium in drinking water; these mainly suggest an 
average concentration of O.OSmg.L-1 with maximum 
acceptable average concentrations of 0.1 to O.Smg.L- 1 . 
Several workers have conducted large-scale surveys of 
aluminium in water supplies in Britain, Europe and the 
U.S.A. and have found levels exceeding those recommended 
in these countries (Simpson, 1987; Miller, 1984) which has 
given rise to concern amongst supporters of the aluminium 
toxicity theory of Alzheimer's Disease. In the 1985 MAFF
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report of aluminium sources (MAFF, 1985b), concentrations 
of aluminium in water are reported to range from 0.02 to
0.48mg.L-1 - the upper range of which is outside the
E.E.C. 1980 Drinking Water Directive maximum of 0.2mg.L_ 1 . 
Simpson (1987) reports aluminium levels from several water 
authorities to be greatly in excess of these limits. In 
the MAFF report, the daily contribution made by water to
total aluminium intake of 0.03 to 0.72mg per day is
dismissed as being of little importance compared to that 
derived from food. The finding of considerably higher 
values than those accepted as standard has led to renewed 
concern about the possible links of aluminium in water and 
Alzheimer's Disease.
A study conducted by Martyn and colleagues (1989) at the 
MRC Environmental Epidemiology Unit in Southampton 
entitled 'Geographical Relation between Alzheimer's 
Disease and Aluminium in Drinking Water' has received much 
attention. In this study, Martyn looked at the incidence 
of Alzheimer's Disease as estimated from records at
computerised tomographic (CT) units against mean aluminium 
concentrations in water supplies serving the district 
surrounding each CT centre. He concluded that the risk of 
Alzheimer's Disease was 1.5 times higher in districts 
where the mean aluminium concentration exceeded 0.llmg.L"1 
than in districts where concentrations were less than 
O.Olmg.L-1 and went on to suggest that these results point 
towards a causal relation between aluminium and
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Alzheimer’s Disease. Martyn's work was greeted with much 
criticism in the medical press; the quality of diagnostic 
procedures for Alzheimer's Disease and the water data 
employed to draw the rather definite conclusions were 
questioned. Most critics claimed Martyn was unwise to 
claim the existence of a causal relationship based on the 
data presented.
The importance of aluminium in the aetiology of 
Alzheimer's Disease is no more resolved today than it was 
in the early 1970's, despite extensive studies into its 
occurrence in the environment, food, water, medicines and 
the human body. Until more details of the bioavailability 
of the element under different circumstances are known, 
the controversy surrounding what was once just a useful 
metal seems set to continue, fuelled by scientific and 
public intrigue alike.
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4.4 Multi-Element Studies of Human Tissues and Fluids
4.4.1 Introduction
Accumulation of certain elements in the central nervous 
system (CNS) has been implicated in the neuropathology of 
several disorders. Elevated brain concentrations of 
calcium, copper and iron have been associated, 
respectively, with amyotrophic lateral sclerosis (a 
muscular paralysis affecting the spinal cord and brain), 
Wilson's disease (an inherited disorder in which copper 
deposits in the liver causing jaundice and cirrhosis) and 
haemochromatosis (an inherited disorder in which there is 
excessive absorption and storage of iron) (Craelius, 
1980). The association of aluminium and Alzheimer's 
Disease has been discussed above.
The role of mineral imbalance in a number of conditions 
has been investigated; summaries of studies appropriate 
to the experimental work reported in section 4.5 are given 
below.
4.4.2 Literature Review : Analysis of Human Brain Tissue
Greiner (1975) examined the levels of calcium, copper, 
magnesium and zinc in ashed brain samples from cases of 
chronic schizophrenia, organic brain disease and control 
subjects^ using conventional flame atomic absorption 
spectrophotometry. Tissue samples were taken from both 
hemispheres of the brain; the study did not reveal any
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asymmetry in elemental distribution between the two sides 
of the brain. Comparing results from the two disease 
states to normal brain for the four elements did not 
reveal any significant differences in concentration.
Neutron Activation Analysis was used by Hock (1975) to 
examine the heterogeneous distribution of trace elements 
in normal human brain. The concentrations of cobalt,
iron, rubidium, selenium, zinc, chromium, silver, caesium, 
antimony and scandium were determined in sixty tissue 
samples dissected from thirteen brains. It was shown that 
the variation in concentration of the non-essential 
elements in the different brain regions was greater than 
the corresponding variations in concentration of the
essential elements. Although the number of samples was 
limited, it was observed that iron concentration in the 
brain increased with age, whilst that of rubidium 
decreased. Again, concentration of essential elements in 
the right and left hemispheres was shown to be 
symmetrical.
The levels of nine essential elements in the brains of
normal and multiple sclerosis victims were determined by
Craelius (1980) using plasma emission spectroscopy. 
Significantly greater concentrations of calcium, iron, 
manganese and zinc and significantly less of phosphorus 
were found in the multiple sclerosis cases than in the 
control brains. However, it was concluded that whether
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these differences reflected aetiogenic or pathogenic 
relationships between the elements and multiple sclerosis 
was not known.
Markesbery (1984a) used Neutron Activation Analysis to 
examine accumulation of eighteen elements in the brain 
with ageing. Various regions of the brain of twenty eight 
neurologically normal adults aged between twenty and 
ninety nine years of age were compared to similar regions 
from seven infants up to the age of one year. Brain 
aluminium, chlorine and sodium concentrations were seen to 
increase with advancing age whilst potassium, phosphorus 
and rubidium declined. Some elements, such as silver, 
cobalt and iron increased in middle age and then declined, 
whilst mercury, manganese and caesium showed no consistent 
trends. Markesbery concluded that the relatively constant 
levels of the essential elements throughout life support 
the existence of efficient homoeostatic mechanisms for 
their regulation, whilst increased concentrations of non- 
essential and potentially toxic elements may reflect 
environmental accumulation.
The symmetrical distribution of elements in the two 
hemispheres of the brain was supported by Duflou (1987) 
who used Particle-Induced X-ray Emission (PIXE) analysis 
and Neutron Activation Analysis to look at the deposition 
of eight elements (K, Ca, Mn, Fe, Cu, Zn, Se, Rb) in forty 
six different regions of three human brains.
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Ehmann (1982) used Instrumental Neutron Activation 
Analysis (INAA) to study the levels of eighteen elements 
in normal brain tissue from a total of fifty four cases. 
Brains examined ranged in age from premature births 
through to ninety two years and included histologically 
verified Alzheimer's Disease cases. Increases in mean 
values for Alzheimer's Disease and age-matched control 
cases showed significant increases in bromine, chlorine, 
cobalt, mercury, sodium and phosphorus and decreased 
levels of caesium and rubidium in the experimental cases. 
However, this study failed to detect a significant 
increase in aluminium in Alzheimer's Disease brains but 
showed a smooth increase in brain aluminium content with 
age from premature infants through to the elderly.
The same group (Markesbery, 1984b) later examined 
manganese concentrations in human ageing and Alzheimer's 
Disease again using INAA but found no significant 
differences between the groups, suggesting that under 
normal circumstances, the brain has an efficient 
homoeostatic mechanism regulating manganese
concentrations. In occupationally exposed workers, 
manganese has be shown to cause 'manganese madness', a 
condition characterised by violent behaviour,
hallucinations and emotional lability.
Following on from their work published in 1982 (Ehmann, 
1982) this same group (Ehmann, 1986) reported on a study
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comparing brain tissue samples from twenty eight control 
cases and fourteen Alzheimer’s Disease cases? age ranges 
for the two groups were 22-85 and 49-89 respectively. 
Increases at the 5% significance level were obtained for 
bromine, chlorine, caesium, mercury, nitrogen, sodium,
phosphorus and rubidium in Alzheimer's Disease cases 
compared to controls; no significant differences were 
found for silver, cobalt, chromium, iron, potassium,
antimony, scandium and selenium. In the most recent
publication from this group (Thompson, 1988) the elevation 
of mercury in the nucleus basalis of Meynert (nbM) is 
claimed to be the largest trace element imbalance observed 
to date in Alzheimer's Disease brain. It is of interest 
that the nbM is the primary cholinergic projection to the 
cerebral cortex. Alterations of the latter play a major 
role in the cholinergic hypothesis of memory loss in 
Alzheimer's Disease (Whitehouse, 1982).
4.4.3 Literature Review : Analysis of Human Body Fluids
As illustrated by the complete list of values for elements 
in blood serum in Table 4.1, blood is the most widely 
studied of human body fluids. Ranges of values in the 
literature are numerous, and as Table 4.1 shows, there is 
some level of agreement reported by different authors.
Consultation of the literature does not yield a similar 
wealth of information on the elemental composition of 
cerebrospinal fluid (CSF) and ocular fluids, the other
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fluids considered in addition to blood serum in the 
experimental work reported in section 4.5. The main 
points of available studies relevant to this work are 
summarised below.
Gooddy (1975) reported on the use of a variety of 
techniques to look at a range of elements in CSF and whole 
blood. This was one of the first reports on the multi­
element analysis of CSF and as such provided basic data on 
the types of concentrations of elements likely to be found 
in such samples. Consideration of the results of this 
study show many elements in CSF are found at levels 
similar to those found in blood. Gooddy suggests this is 
due to the fact that CSF is a direct derivative of 
arterial blood through the choroid plexuses of the brain.
Bogden (1977) in a study of copper, zinc, magnesium and 
calcium in plasma and CSF of patients with neurological 
diseases also found correlations between the two fluids 
for some of the elements studied, suggesting some degree 
of similarity in composition.
Hershey (1983) used Inductively Coupled argon Plasma 
Emission Spectroscopy (ICP-ES) to measure nineteen 
elements in the CSF of 265 cases, some of which had 
dementing illness and some autopsy proven Alzheimer's 
Disease. An elevation of CSF silicon was reported in 71% 
of Alzheimer’s Disease cases, although no elevation of CSF 
aluminium was noted. In a later study (Hershey, 1984) the
248
same group correlated elevated CSF silicon levels with age 
and severity of functional impairment in late onset 
Alzheimer-type dementia. These findings do not appear to 
have been confirmed by any other workers.
Although other studies have appeared on CSF elemental 
analysis using a variety of techniques (Lapatto, 1988; 
El-Yazigi, 1984 and 1986) there do not appear to be any 
reports of analysis specifically of Alzheimer’s Disease 
CSF. In the work reported in section 4.5r elemental 
concentrations are given for twenty elements in samples of 
CSF from three regions of the central nervous system from 
Alzheimer’s Disease verified and control cases.
Literature values for the elemental composition of ocular 
fluids are even fewer than those for CSF. Although levels 
for some elements in animals have been reported (Palmer, 
1989), it appears that only zinc in human aqueous humor 
has been investigated in relation to serum levels in 
patients with cataract (Anderson, 1987). Preliminary 
values for ocular fluid (containing aqueous and vitreous 
humour) are presented in section 4.5.
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4.5 Multi-Element Analysis of Brain Tissue and Body
Fluids from Alzheimer’s Disease Cases Using 
Inductively Coupled Plasma Source Mass Spectrometry 
(ICP-MS)
4.5.1 ICP-MS in Biological Analysis
As reported in chapter two, ICP-MS was designed originally 
for the elemental analysis of geological samples which are 
difficult to analyse by many analytical methods. Few 
studies using ICP-MS in biological elemental analysis have 
reached the literature until very recently. Delves (1988) 
reports the successful use of an ICP-MS instrument for the 
determination of lead isotope ratios in the blood of 
environmentally exposed individuals. Lyon and coworkers 
(1988) achieved a reasonable degree of success in their 
analysis of freeze-dried reference urine and bovine liver 
standard reference material.
The work presented below is believed to be the first 
application of ICP-MS in analysing a wide range of tissues 
from Alzheimer's Disease and control case tissues.
4.5.2 Selection of Samples for Analysis
As reported in section 4.4, several groups have examined 
the occurrence of various elements in tissues from 
Alzheimer's Disease cases and reported differences in 
composition between these and control cases. Although 
several studies on brain tissue or some body fluids exist,
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no studies to date have considered brain tissue and fluids 
from the same cases. In the work reported below, eight 
regions of brain tissue (including the first cranial 
nerve), three samples of cerebrospinal fluid, ocular fluid 
and blood serum were taken from Alzheimer cases and 
control cases and analysed for a range of twenty elements 
using ICP-MS.
Brain Tissue
In order to determine any regional differences in the 
accumulation of elements in the brain, seven different 
area sample were selected for analysis on the advice of 
the pathologist responsible for taking the samples 
(McDonald, 1987). The locations of the areas sampled in 
relation to whole brain are shown in Figures 4.6 and 4.7.
Cranial Nerve 1
Also known as the olfactory nerve (or bulb), fibres of 
these nerves run upwards from smell receptors in the nasal 
mucosa high into the roof of the nose, through minute 
holes in the skull, join to form the olfactory tract and 
pass back to reach the brain. There have been several 
reports of the finding of neurofibrillary tangles in the 
olfactory bulbs of several cases of the Parkinsonism- 
dementia complexes of Guam (Hirano, 1962) which prompted 
other workers to look for such changes in Alzheimer's 
Disease tissues. Esiri (1984), reported the finding of 
significant neurofibrillary tangle formation in the
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olfactory nerves in Alzheimer's Disease and suggested that 
the olfactory sensory pathway is significantly affected 
pathologically in Alzheimer's Disease. More recently, 
Perl (1987) proposed that Alzheimer's Disease involves a 
defect in the normally very effective olfactory mucosa 
olfactory bulb barriers leading to excessive influx into 
the brain of aluminium (and possibly silicon) containing 
compounds, thus accounting for the deposition of these 
elements in Alzheimer's Disease. As with other theories 
accounting for the possible increase of aluminium in 
Alzheimer's Disease, this suggestion is currently 
surrounded by much controversy. To extend existing 
knowledge of the mineral composition of this tissue in 
normal and Alzheimer's Disease brains, one of the 
olfactory bulbs was extracted (wherever possible) from 
post-mortem subjects and included in the brain tissue 
analysis.
Cerebrospinal Fluid (CSF)
CSF is the clear watery fluid that surrounds the brain and 
the spinal cord. It is contained in the subarachnoid 
space and circulates in the ventricles of the brain and in 
the central canal of the spinal cord. The brain floats in 
the fluid (its weight so being reduced from about 1400g to 
less than lOOg) and is cushioned by it from contact with 
the skull when the head is moved vigorously. The CSF is 
secreted by the choroid plexuses (rich networks of blood 
vessels in the ventricles of the brain), circulates
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through them to reach the subarachnoid space, and is
eventually absorbed into the bloodstream through the 
arachnoid villi. Its normal contents are glucose, salts, 
enzymes and a few white cells, but no red blood cells
(Martin, 1982).
Interest in CSF in relation to diseases of mineral 
imbalance stems from the fact that the fluid appears to 
act as a ’sink1 in that any solutes which are at a higher 
concentration in the extracellular fluid of the brain 
diffuse into the CSF and are carried into the blood by the 
arachnoid villi (Bell, 1980). Thus, severe increases or 
decreases in elemental concentrations in the brain might 
be reflected in corresponding levels in the CSF. As 
reported in section 4.4, elemental analysis of CSF had 
received little attention and compilation of literature 
values for some elements was not possible. In order to 
provide further information on the elemental composition 
of CSF, samples of the fluid from three areas of the 
central nervous system (basal, intraventricular and 
lumbar) were extracted and analysed for the same twenty
elements as in brain tissue.
Ocular Fluid
Another fluid which has received minimal attention from 
the mineral analyst is ocular or eye fluid, composed of 
aqueous and vitreous humours. Aqueous humour is a watery 
liquid which fills the chamber of the eye, immediately
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behind the cornea and in front of the lens, which is
continually being renewed by the ciliary glands. Vitreous 
humour is a transparent jelly-like material that fills the 
chamber behind the lens of the eye. As another fluid 
which is in part connected with the circulatory systems of 
the brain, elemental concentrations in ocular fluid might 
be expected to reflect those in the brain. Samples of 
mixed aqueous and vitreous humours were extracted from the 
eyes of Alzheimer's Disease and control cases at post 
mortem and analysed as for the other samples under
investigation.
Blood Serum
Blood (whole, plasma or serum) has been analysed for most 
elements in numerous disease states and at all ages and a 
wealth of literature exists on the subject. Samples of
serum, separated by centrifugation from clotted blood,
from each case examined were included in the analysis 
since it is known that concentrations of some elements in 
the blood are affected by recent dietary intakes of the 
element.
Samples Not Included
At the outset of the sample collection, urine was to be 
included in the list of samples to be analysed. However, 
the pathologist taking the samples experienced 
difficulties in the removal of urine (uncontaminated) from 
autopsy cases and it was decided not to pursue the urine
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analysis. Consideration of isolated samples of urine is 
not thought to give a good representation of its elemental 
composition and total urinary output over a 24 hour period 
is preferred (IAEA, 1980), which was obviously not 
possible in autopsy cases.
Hair has often been included in elemental analyses of 
tissues and although success has been claimed by some 
authors (e.g. Stankovic, 1977), the usefulness of the 
technique has been questioned by others (Taylor, 1986). 
For the purposes of the present study, samples of hair 
were not included in the analysis, for two main reasons. 
Firstly, because samples taken at autopsy were used, it 
was obviously not possible to gain information from the 
individuals about preparations added to the hair which 
might affect analysis even after washing of samples.
Secondly, it was considered that sufficient (and perhaps
more useful) information could be gained from the 
investigation of internal tissues and fluids which are 
less likely to be affected by direct environmental
contamination.
4.5.3 Collection and Preparation of Samples
As described in chapter two, one of the main problems in 
biological mineral research is that of contamination of 
samples during collection and preparation for analysis. 
In order to avoid contamination wherever possible, strict 
procedures for the collection of samples at autopsy and
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for their dissolution in acid were established and 
thoroughly tested before the start of the study reported 
here. Equipment used by the pathologist in the collection 
of these samples is shown in Figure 4.8.
Tissue Samples
Having verified a diagnosis of Alzheimer's Disease or a 
neurologically normal individual according to the criteria 
described in section 4.2.3, the pathologist extracted 
samples of the seven brain regions under consideration as 
follows. A 2.5mL disposable plastic pipette was first 
prepared by cutting off the tip of the pipette using a 
clean sterile scalpel blade and then washing in 50% 
'Aristar' grade nitric acid and then double distilled 
deionised water. A pipette thus prepared could then be 
used to extract the individual samples of tissue since 
unfixed brain tissue is a semi-solid material. The 
pipette was then cut above the level of the tissue core 
and the remaining 2-3cm of plastic and tissue core placed 
directly into a labelled 1.5mL volume Eppendorf microfuge 
tube which had been washed in the same way as the pipette. 
The Eppendorf was then deep frozen until preparation for 
analysis (see later).
Unfortunately, it was not possible to remove the first 
cranial nerve in the same manner since the nerve fibres 
required cutting with a scalpel blade. Slight metallic 
contamination of this specimen might then be expected.
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Fluid Samples
The normal method of collecting CSF at lumbar puncture is 
via a hollow needle and for the samples of 
intraventricular and lumbar CSF, no other suitable means 
of collection could be devised; minor contamination of 
these samples is thus possible. It was possible, however, 
to extract a sample of basal CSF from the surface of the 
brain using a plastic pipette and thus avoiding metallic 
contamination. Blood serum was also collected without 
contamination but it was necessary to collect ocular fluid 
via a sterile needle which might have added metallic 
traces to the sample.
It would obviously have been preferable to have avoided 
all metallic contact during collection of the samples, but 
this was not practically possible. As far as was 
possible, the risk of contamination was 'standardised' 
throughout the cases by using the same types of vessels 
and containers, similarly pretreated, for all cases.
For several practical reasons, it was not possible to take 
all thirteen samples from each case. Table 4.3 shows 
which samples were analysed from the total of nine 
confirmed Alzheimer's Disease and seven control cases, 
together with the composition in terms of age and sex 
within each group.
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Sample
Code
Age Sex
1 2 3 4
Samples Analysed 
5 6 7 8 9 10 11 12 13
Cl 72 F * * * * * * * * *
C2 86 F * * * * * * * * * * *
C3 76 M * * * * * * * * * * * *
C4 66 F * * * * * * * * * * *
C5 88 F * * * * * * * * * * * * *
C6 47 M * * * * * * * * *
C7 86 F * * * * * * * * *
A1 85 M * * * * *
A2 58 M * * * *
A3 80 M * * * * * * * * * * * * *
A4 80 M * * * * * * * * * * * * *
A5 90 F * * * * * * * * * * * *
A6 79 F * * * * * * * * * * *
A7 66 M * * * * * * * * * *
A8 78 M * * * * * * * * * * *
A9 82 H * * * * * * *
C = control case A = Alzheimer's Disease case
1 = Cerebellar cortex
2 = Cerebellar vermis
3 = First cranial nerve
4 = Frontal lobe
5 = Hippocampus
6 = Occipital lobe
7 = Parietal lobe
8 = Temporal lobe
9 = Aqueous humour
10 = Basal csf
11 = Intraventricular csf
12 = Lumbar csf
13 = Serum
Mean Ages 
C = 74 years 
A = 78 years
Table 4.3 : The Range of Tissues Analysed for 
Experimental and Control Cases
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Preparation of Samples for Analysis
A wet-oxidation method was developed to dissolve the
tissue and fluid samples for direct introduction into the
ICP-MS instrument.
Safety Precautions
Of utmost importance during the preparation of human 
tissues is that of protecting the handler and other
laboratory users from contact with possible pathogens 
present in the tissues. The dissolution procedure
described below was developed originally on pig brain, 
which is similar in texture and composition to human 
brain. Before the work with human tissues was begun, the 
Recommended Working Procedures for Biological Specimens of 
the University of Surrey (Hall, 1983) was consulted and 
the procedure checked by the University's Safety and 
Radiation Protection Officer. Wherever possible
throughout the procedure, disposable plastic items (such 
as gloves, pipettes tips etc.) were used which were placed 
directly after use into a sealed container for later 
autoclaving. Laboratory wear used in preparations was 
also autoclaved prior to laundering; a fresh Howie style 
laboratory coat was worn to prepare each set of samples 
and was not worn outside the preparative laboratory. Two 
pairs of new talc-free gloves and a protective face mask 
were also worn. Safety spectacles were used throughout 
and were cleaned after use by swabbing with a 98% 
alcohol : 2% hydrochloric acid solution. Re-usable items
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(such as PTFE beakers, spatulas and forceps) were immersed 
directly after use into a fresh 10% hypochlorite 
(household bleach) solution) prior to cleaning by boiling 
in 50% nitric acid solution (as described in chapter two). 
All work was carried out in a designated fume cupboard 
with a spillage tray lined prior to each use with 
disposable laboratory bench lining material which was 
removed and burned after use.
Wet-Oxidation Procedure : Tissue Samples
Specification and supply of reagents used is as described 
in chapter two.
5mL 70% V/V nitric acid (HNOs) is pipetted into an acid- 
washed 50mL PTFE beaker. The frozen tissue sample of 
known weight is then transferred directly into the acid 
using plastic forceps. The beaker is placed on a 
hotplate, covered with a loose PTFE lid (to prevent 
atmospheric contamination but allow escape of gas) and 
heated gradually until evolution of brown nitrogen dioxide 
(NO2 ) fumes begins. The heat is altered to maintain 
gentle release of gas over a 2 to 3 hour period. On 
cessation of gas evolution, the PTFE lid is removed and 
the heat increased slightly to reduce the remaining liquid 
to approximately lmL. The sample is then re-covered and 
allowed to cool before adding 5mL 30% 100 volume hydrogen 
peroxide (H2O2 ) and heated as before to complete the 
oxidation of any remaining organic material. Precautions
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regarding the use of H2 O2 were described in chapter three.
The resulting clear, colourless solution is then allowed 
to cool completely before dilution for analysis.
Wet-Oxidation Procedure : Fluid Samples
Frozen fluid samples are prepared in exactly the same way 
as tissue samples but only 2mL of nitric acid and hydrogen 
peroxide are required to oxidise the smaller amount of 
organic matter present in these samples. Appropriate 
dilutions are then made.
As for the preparation of milk samples described in 
chapter two, a weighed amount of reference material was 
prepared with each batch of samples prepared in order to 
check the validity of the preparation and analysis.
4.5.4 Validation of Results
A supply of Bovine Liver Standard Reference Material 1577a 
was obtained from the National Bureau of Standards (USA). 
The accompanying certificate describes the source and 
preparation of the material as follows:- 'The liver for 
this standard was obtained in the Portland, Oregon, area. 
The gross fat, major blood vessels and 'skin' were removed 
and the liver was ground. The ground liver was then 
mixed, transferred to polyethylene-lined trays and 
lyophilized by Oregon Freeze Dry Foods, Inc., Albany, 
Oregon. After lyophilization, the liver was powdered in a 
Tornado mill, packaged in moisture-proof bags, and then
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transported to the National Bureau of Standards.* 
Certificate values for this reference material (shown in 
Table 4.4) are based on dry sample weight. NBS recommend 
drying for 24 hours at 20 to 25° c in a vacuum oven at a 
pressure not greater than 30Pz (0.2mm Hg). To avoid 
repeating this lengthy drying procedure for each set of 
preparations, the mean percentage water content of the 
material was determined from three replicate 
determinations which was then applied to the weight of 
material used in each batch of samples. The material was 
found to contain 1.5% water by weight.
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Element Certificate Value
Potassium 0.996 ± 0.007 % wt.
Sodium 0.243 ± 0.013 % wt.
Cadmium 0.44 ± 0.06 pg.g-1
Calcium 120 ± 7 pg.g-1
Cobalt 0.21 ± 0.05 pg.g-1
Copper 158 ± 7 pg.g-1
Iron 194 ± 20 pg.g-1
Lead 0.135 ± 0.015 pg.g-1
Magnesium 600 ± 15 pg.g-1
Manganese 9.9 ± 0.8 pg.g-1
Mercury 0.004 ± 0.002 pg.g-1
Molybdenum 3.5 ± 0.5 pg.g-1
Selenium 0.71 ± 0.07 pg.g-1
Zinc 123 ± 8 pg.g-1
Aluminium 2 pg.g-1 *
* noncertified value All values for dry material
Table 4.4 : Certificate Values for NBS Bovine Liver 
Standard Reference Material 1577a.
Values typically obtained for some of the elements of 
interest in the reference material are shown in Figures 
4.9 to 4.11 together with the mean reference values. The 
graphs show the experimental values to be in generally 
good agreement with the certified values.
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4.5.5 Analysis of Prepared Samples by ICP-MS
Experimental tissues and reference material preparations 
were diluted prior to analysis of 5 and 1000 times using 
double distilled deionised water. The samples were then 
analysed for 20 elements using ICP-MS according to the 
procedure developed for the milk sample analysis described 
in section 3.5.3 (i.e. similar instrument operating
parameters, use of automatic sample changer and 
standardised analysis procedures etc.). Similarly, all 
data was collected on computer diskette for later 
processing using the 'PlasmaQuad1 calculations software.
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4.6 Results and Statistical Analysis
4.6.1 Tissue Analysis Results
Table 4.5 shows the mean concentrations for the 20 
elements of interest in each of the 13 samples analysed 
for the Alzheimer group and control group. This is a 
summary of the data used in the statistical analysis. 
Full details of the data obtained for each sample are 
given in Appendix 3.
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Element
Sample
Na Mg A1 Si K Ca Cr
Cerebellar cortex
Experimental 404 113 0.76 12.2 2931 69.7 0.57
Control 541 83.6 2.75 31.1 3265 75.5 0.25
Cerebellar vermis
Experimental 507 94.8 0.76 12.2 2549 95.9 0.23
Control 587 82.6 2.17 22.4 2948 80 0.64
Cranial Nerve 1
Experimental 775 72.6 2.05 23.7 1627 739 0.26
Control 795 109 5.2 48.9 2296 759 0.67
Frontal lobe
Experimental 591 91.4 2.62 8.02 2080 343 0.22
Control 546 89.3 1.26 20.8 2526 117 0.14
Hippocampus
Experimental 785 77.5 0.75 11.8 1756 118 0.25
Control 690 106 4.41 57.3 2324 172 0.60
Occipital lobe
Experimental 514 97.2 0.9 10.7 2357 116 0.37
Control 529 79.7 0.86 23.8 2650 126 0.22
Parietal lobe
Experimental 559 103 0.91 19.6 2299 125 0.21
Control 640 82.3 2.05 25.4 2621 113 0.28
Temporal lobe
Experimental 621 95.2 2.3 12.2 2191 105 0.16
Control 552 96.7 2.38 28.3 2659 187 0.16
Ocular Fluid
Experimental 845 24.4 0.41 4.84 588 93.2 0.08
Control 735 19.1 0.36 3.0 561 62.2 0.07
Basal csf
Experimental 652 35.1 0.3 2.94 1349 66.1 0.03
Control 631 39 0.92 2.08 1391 45.6 0.05
Intravent, csf
Experimental 734 36.3 0.34 4.82 1367 56.6 0.03
Control 723 43.1 0.57 6.4 1787 45.1 0.25
Lumbar csf
Experimental 798 33.2 0.35 4.84 1087 134 0.23
Control 813 40.9 0.78 11.2 1142 106 0.38
Serum
Experimental 745 45.6 1.35 21.1 1539 194 0.43
Control 633 48.8 1.04 28.9 1277 116 0.17
Table 4.5 : Mean Concentrations of Elements
(pg.g-1 fresh weight) in Experimental 
and Control Groups. cont.
Table 4.5 cont.
Element
Sample
Mn Fe Co Ni Cu Zn Ga
Cerebellar cortex
Experimental 0.32 42.9 0.01 0.15 4.52 11.2 0.01
Control 0.34 36.7 0.12 0.36 5.15 12.4 0
Cerebellar vermis
Experimental 0.33 48.5 0.02 0.18 3.45 12.8 0.01
Control 0.44 30.9 0.05 0.36 5.11 11.1 0.01
Cranial Nerve 1
Experimental 0.25 27.1 0.01 0.33 3.16 10.1 0.01
Control 0.34 37.1 0.09 0.63 6.12 14.1 0.04
Frontal lobe
Experimental 0.14 34 0.02 0.09 2.61 9.69 0
Control 0.23 39 0.24 0.19 3.41 9.98 0.01
Hippocampus
Experimental 0.15 27.9 0.01 0.04 1.84 8.06 0
Control 0.37 52 0.08 0.32 3.97 18.1 0.02
Occipital lobe
Experimental 0.22 54.9 0.01 0.17 3.18 9.83 0
Control 0.25 42.8 0.01 0.1 3.23 10.2 0
Parietal lobe
Experimental 0.21 44 0.01 0.12 5.44 10.0 0.01
Control 0.31 41.6 0.16 0.12 3.68 9.83 0.01
Temporal lobe
Experimental 0.19 40 0.01 0.19 3.2 12.5 0.01
Control 0.25 45.4 0.03 0.14 4.01 12.3 0.01
Ocular Fluid
Experimental 0.01 0.59 0.01 0.11 0.1 0.24 0
Control 0.01 1.13 0 0.01 0.08 0.16 0
Basal csf
Experimental 0.09 0.43 0 0 0.16 0.35 0
Control 0.02 0.81 0 0.01 0.21 0.34 0
Intravent, csf
Experimental 0.03 1.9 0 0.14 0.18 0.75 0
Control 0.06 3.87 0 0.01 0.21 1.34 0
Lumbar csf
Experimental 0.04 3.79 0.01 0.23 0.55 1.03 0
Control 0.1 7.55 0 0.13 0.55 1.36 0
Serum
Experimental 0.05 7.15 0.03 0.81 1.05 1.82 0.01
Control 0.04 6.16 0.14 0.08 1.22 2.24 0
cont.
270
Table 4.5 cont.
Element
Sample
Se Mo Cd Sn Hg Pb
Cerebellar cortex
Experimental 0.3 0.02 0.03 0.04 0.1 0.24
Control 0.32 0.02 0.09 0.26 0.06 0.31
Cerebellar vermis
Experimental 0.21 0.02 0.08 0.09 0.06 0.3
Control 0.22 0.36 0.08 0.21 0.07 0.47
Cranial Nerve 1
Experimental 0.13 0.04 0.08 0.27 0.04 0.47
Control 0.21 0.04 0.57 0.43 0.02 0.84
Frontal lobe
Experimental 0.09 0.48 0.05 0.11 0.03 0.15
Control 0.12 0.16 0.08 0.11 0.03 0.25
Hippocampus
Experimental 0.09 0.01 0.04 0.31 0.02 0.07
Control 0.27 0.32 0.56 0.77 0.25 0.68
Occipital lobe
Experimental 0.14 0.02 0.07 0.07 0.02 0.25
Control 0.18 0.03 0.05 0.09 0.05 0.31
Parietal lobe
Experimental 0.22 0.02 0.06 0.1 0.01 0.24
Control 0.14 0.02 0.13 0.34 0.16 0.7
Temporal lobe
Experimental 0.13 0.02 0.05 0.08 0.07 1.02
Control 0.17 0.03 0.07 0.16 0.03 0.29
Ocular Fluid
Experimental 0.02 0.01 0.01 0.05 0 0.02
Control 0.02 0 0.03 0.03 0 0.02
Basal csf
Experimental 0.01 0 0.04 0.02 0 0
Control 0 0 0.05 0.02 0 0.01
Intravent, csf
Experimental 0.02 0 0.01 0.02 0 0.11
Control 0.09 0.01 0.19 0.07 0.01 0.06
Lumbar csf
Experimental 0.03 0.36 0.02 0.11 0 0.05
Control 0.08 0.05 0.36 0.07 0 0.06
Serum
Experimental 0.07 0.02 0.06 0.05 0 0.07
Control 0.07 0.07 0.17 0.15 0.01 2.17
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4.6.2 Statistical Analysis
T-Test Analysis
The data presented in Table 4.5 suggest differences in 
concentration occur between elements in similar tissues in 
the experimental (Alzheimer) group and the control group. 
In order to examine the significance of these apparent 
differences, the t-test was applied to the elemental mean 
concentrations for each sample and group. The t-test is 
used to determine whether or not the difference in means 
between two populations is significantly different, taking 
into account the variability in values within each 
population group. The value of t is calculated thus:
difference in means
t = ----------------------------------------------
standard error of the difference in means
(Robson, 1983).
As standard deviations of the values were generally 
proportional to the means, it is appropriate to do the t- 
test on the logarithms of the data. Since zero values 
occurred in the data, a small constant was added to all 
the data before taking the logarithm. Values of t were 
then calculated for each combination of sample and element 
between the two groups using Minitab data analysis package 
(Minitab Inc., 3081 Enterprise Drive, State College, PA 
16801, USA). The results of this analysis are shown in 
Table 4.6.
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Element 1 2 3 4 5 6 7 8 9 10 11 12 13
Na ns ns ns ns ns ns ns ns ns ns ns ns ns
Mg ns ns ns ns ns ns ns ns * ns ns ns ns
A1 ns ns ** ns ns ns * ns ns ns ns ns ns
Si ns ns ns ns ns ns ns ns ns ns ns ns ns
K ns ns ns ns ns ns ns * ns ns ns ns ns
Ca ns ns ns ns ns ns ns ns ns ns ns ns ns
Cr ns ns ns ns ns ns ns ns ns ns ns ns ns
Mn ns ns ns ns ns ns ns ns ns ns ns ns ns
Fe ns ns ns ns ns ns ns ns ns ns ns ns ns
Co ns ns ns ns * ns ns ns ns ns ns ns ns
Ni ns ns ns ns ** ns ns ns ns ns ns ns ns
Cu ns ns ns ns * ns ns ns ns ns ns ns ns
Zn ns ns ns ns * ns ns ns ns ns ns ns ns
Ga ns ns ns ns ns ns ns ns ns ns ns ns ns
As ns ns ns ns ns ns ns ns ns ns ns ns ns
Se ns ns ns ns * ns ns ns ns ns ns ns ns
Mo ns ns ns ns * ns ns ns ns ns * ns ns
Cd ns ns ns ns ns ns ns ns ns ns ns ns ns
Sn ns ns ns ns ns ns ns ns ns ns ns ns ns
Hg ns ns ns ns ns ns ns ns ns ns ns ns *
Pb ns ns ns ns ns ns ns ns ns ns ns ns ns
1 Cerebellar cortex
2 Cerebellar vermis
3 Cranial nerve 1
4 Frontal lobe
5 Hippocampus
6 Occipital lobe
7 Parietal lobe
8 Temporal lobe
9 Ocular fluid
10 Basal csf
11 Intraventricular csf
12 Lumbar csf
13 Serum
* = 5% significance level ** = 1% significance level 
ns = not significant at 5% level
Table 4.6 : Results of t-test for Significant 
Differences in Mean Values
Correlation of Elemental Coefficients
Correlation coefficients were calculated, again using 
Minitab, for the overall mean concentrations of the twenty
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elements of interest in the pooled data from both groups. 
The correlation coefficient (r) is a measure of closeness 
of linear association between two variables and can take 
values only in the range -1 to +1 (Smith, 1989). In 
relation to this work, a large positive value for 'r' 
indicates that high values of one mineral are associated 
with high values of the other. A negative 'r' value 
approaching -1, however, shows that high values of one 
mineral are associated with low values of the other. A 
value approaching zero (either positive or negative) shows 
no association between the two elements. Table 4.7 shows 
the highly significant correlation coefficients (i.e. 
approaching 1) which were found between the elements in 
this study. No significant negative correlations were 
found. The complete table of correlation coefficients 
calculated is given in Appendix 3a.
Interacting Elements Calculated Correlation 
Coefficient (r)
Potassium + Magnesium 0.746
Iron + Magnesium 0.773
Iron + Manganese 0.723
Zinc + Magnesium 0.796
Zinc + Iron 0.769
Table 4.7 : High Correlation Coefficients found 
between Interacting Elements
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The relevance of these findings is discussed in section 
4.7.
Comparison of Tissue and Fluid Sample Concentrations 
The concentration of elements in tissue samples is 
generally thought to reflect long-term exposure to 
elements (particularly those derived from atmospheric 
pollution such as cadmium and mercury) whilst body fluids 
are more an indicator of recent exposure since these are 
being continually renewed throughout life. One objective 
of this study is to consider the relationship, if any, 
between the concentration of mineral elements in the body 
fluids and those in the post-mortem tissues. A study is 
in progress at the University of Oxford to monitor the
biochemistry and mineral composition of body fluids in
suspected Alzheimer's Disease cases with a view to 
subsequent tissue analysis at post-mortem to determine if 
the elemental concentrations in these samples are related. 
Blood serum is the most readily available body fluid and 
is believed to be a good general indicator of current
mineral nutritional status. In Figures 4.11 to 4.13, the 
mean concentration of the ultratrace elements in the serum 
of the control patients in this study has been plotted 
against the values for the same elements in several
regions of brain tissue. The implications of these 
findings are discussed in section 4.7.
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Variation in Concentration of Elements in Cerebrospinal 
Fluid from Three Areas of the Central Nervous System 
Samples of cerebrospinal fluid (CSF) were taken from three 
areas of the central nervous system (CNS) (basal, 
intraventricular and lumbar samples) and analysed as part 
of this study. It would seem from the literature that no 
similar systematic multi-element analysis of CSF has been 
performed to date. In a preliminary attempt to observe 
the effects of sampling site on the elemental composition 
of CSF, the mean concentrations for the ultratrace 
elements in the CSF from the control group have been 
calculated and are shown in the graph plot in Figure 4.14. 
The usefulness of this data is discussed in section 4.7.
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4.7 Discussion
As reported earlier in this chapter, reported values for 
the elemental composition of human tissues and body fluids 
vary widely (see Tables 4.1 and 4.2). This situation was 
encountered to some extent in the study reported here in 
the values obtained for the control subject samples. 
However, bearing such a phenomenon in mind and considering 
the small number of subjects considered, some interesting 
trends have been noted from this study.
In terms of the size of the plaques and tangles 
characteristic to the brain in Alzheimer's Disease, the 
lOOmg samples of brain tissue analysed were actually quite 
large, perhaps too large to identify changes occurring 
around the site of degeneration which might be amended in 
future work. Perl (1986) has investigated the use of 
LAMMA (laser microprobe mass analysis) to investigate the 
presence of aluminium in isolated tangles from the brain 
in Alzheimer's Disease. Multi-element analysis of such 
sites would provide valuable information about the mineral 
composition at these sites of degeneration.
T-Test Analysis
The main block of significant differences (as shown in 
Table 4.6) occurred in the data from the hippocampus, 
where differences were reported for cobalt, nickel, 
copper, zinc, selenium and molybdenum, although the 
majority were only significant at the 5% level.
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This finding is not surprising since the hippocampus is 
known to be the primary site of degeneration in 
Alzheimer's Disease. The significant differences found, 
however, need to be viewed with caution. For example, the 
difference reported for cobalt in the hippocampus 
(controls greater than experimental) could be accounted
for by the inclusion of a seemingly high value for the 
element in one of the control subjects. Had this been 
discarded as an outlying value, the difference in group 
means would not have been statistically significant.
For nickel, however, the significant difference (control 
greater than experimental) is accounted for by a much 
wider spread in the control values and does not appear to 
be due to outliers. The difference in means is almost a 
factor of 10 and results in a significance level of 1%. 
Nickel has not previously been considered in relation to 
Alzheimer's Disease; the results of this comparison 
suggest the need for further investigation of this 
element. Copper is also found at significantly lower 
concentrations in the hippocampus in the experimental 
group, by a factor of 1 to 2, with no apparent
contribution from possible outlying values. It is not
surprising, therefore, that zinc is found to follow a
similar pattern, since these two elements are generally 
found together in nature. Selenium shows a similar 
reduction to copper and zinc.
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The finding of significantly less aluminium in the 
experimental group must be viewed with caution, since, due 
to problems in collection of this specimen, only four 
experimental cases were available for analysis (see Table 
4.3) .
Molybdenum was also found to be significantly reduced in 
the experimental group hippocampus; it is interesting to 
note that the lowest control values for this element are 
similar to the highest values in the experimental cases, 
suggesting another element worthy of further 
consideration.
Contrary to the finding of increased aluminium in 
Alzheimer's Disease, the only tissue sample to show any 
significant difference in aluminium content was the 
parietal lobe, with the experimental cases having a 
slightly lower mean concentration than the controls. The 
difference is significant only at the 5% level and there 
is a large overlap between the data from the two groups. 
Further samples would have to be considered to draw any 
firm conclusions from this finding.
A significant difference at 5% was found in the potassium 
content of the temporal lobe with the difference again 
favouring the control group. Sodium and potassium are 
found to vary considerably in post-mortem samples and the 
erratic nature of these concentrations is to be expected 
due to intracellular changes which occur upon the death of
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an organism. The concentration of these electrolyte 
elements is related to the agonal state before death (i.e. 
the phenomena, such as cessation of breathing, associated 
with the moment of death; Martin, 1982).
The only case in which an element was found in greater 
concentrations in the experimental samples was in that of 
magnesium in ocular fluid. The difference is only just 
significant at the 5% level and is unlikely to be of 
particular importance, though further data from a greater 
sample size would be useful.
The final significant difference, mercury in serum, is 
thought to have arisen due the very low levels of the 
element in all the samples and associated analytical 
difficulties which this presents.
Interpretation of these statistical differences must be 
made with caution, bearing in mind the small number of 
subjects in each group. However, it is felt that within 
these limitations the study has yielded useful information 
on which to base further investigation, particularly 
concerning elements (such as molybdenum) which have to 
date received little attention.
Correlation of Elemental Concentrations
As shown in Table 4.7, a total of five pairs of elements 
were found to have significant positive correlations, i.e. 
high values of one of the minerals is associated with high
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values of a second element. It is interesting to note 
that only essential elements were involved in these
correlations (namely; potassium, magnesium, iron, 
manganese and zinc) suggesting homoeostatic control 
mechanisms exist to regulate the metabolism of these
elements. It is not possible to tell, however, whether 
both elements increase at the same rate independently or 
if one is simply a consequence of the other, for example, 
if the elements are usually found together in nature.
Further investigation of these findings would appear to be
warranted, particularly to consider the species (i.e.
chemical form) of each element as it is present in the 
tissues.
Comparison of Tissues and Fluids
Figures 4.11 to 4.13 show the relative concentrations of
twelve ultratrace elements in the hippocampus, frontal 
lobe and occipital lobe of the control group compared to 
the serum values for these elements in the same group. All 
three plots show similar trends. For the essential 
elements (e.g. chromium, manganese, cobalt etc.) 
concentrations in both samples in each case are similar. 
The main differences arise in the concentrations of 
potentially toxic elements, such as lead, which is found 
in significantly greater concentrations in the tissue 
samples in each case. These preliminary data suggest that 
whilst the levels of essential elements can be regulated 
in tissues and to some extent are reflected in blood serum
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concentrations, similar regulation of toxic 'heavy' 
elements does not occur, allowing gradual deposition of 
the element during life. Further investigation of this 
area is also of potential value in predicting post-mortem 
tissue concentrations of elements from samples collected 
during life, as described earlier.
Variation in Concentration of Elements in Cerebrospinal 
Fluid from Three Areas of the Central Nervous System 
The graph in Figure 4.14 shows an apparent relationship in 
the three samples of CSF analysed, with lumbar CSF 
containing on average slightly higher concentrations of 
most elements. As mentioned earlier, it is believed that 
this study is the first investigation of the regional 
distribution of mineral elements in CSF and again suggests 
scope for further analysis of similar samples from a wider 
population in order to establish reference values for CSF, 
data which (as illustrated in Table 4.2) is currently 
lacking.
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4.8 Conclusions and Suggestions for Future Work
Conclusions
As described earlier, ICP-MS has until recently been 
applied mainly to the analysis of geological and 
environmental samples; its application to biological 
mineral analysis is still in its infancy (Lyon, 1988}. The 
study reported in this chapter demonstrates the validity 
of ICP-MS as a means of analysis for biological specimens; 
the multi-element capabilities of this technique are 
likely to prove invaluable in future studies of the 
interaction effects of mineral elements in sub-optimal 
health states. Future applications of the technique might 
include laser ablation of freeze-dried samples, avoiding 
the need for lengthy wet-oxidation processes and the 
associated risk of sample contamination during repeated 
handling and processing. With its ability to determine 
isotope ratios, ICP-MS may also have a role in enriched 
stable isotope tracer studies as a means of determining 
the sites of deposition and routes of excretion of 
elements in the body. A preliminary study on the 
fractional absorption of iron in pregnancy has been 
reported using electrothermal vaporisation (ETV) ICP-MS 
(Whittaker, 1989).
This study of Alzheimer's Disease tissues has encompassed 
a wider range of samples and elements than any study 
reported to date. Within the confines of the number of
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subjects in each group available for analysis, several 
interesting observations have been made, suggesting a 
number of areas for future work as described below.
The study investigated a wide variety of samples using an 
ultra-sensitive technique and failed in all respects to 
record significant increases of aluminium in the 
experimental (Alzheimer) group compared to the control 
group, supporting the findings of McDermott (1979) and 
Hershey (1983). It may be that the increase in aluminium 
is specific only to the site of the lesions characteristic 
to the disease (neurofibrillary tangles and plaques) and 
elemental changes are not observable in the surrounding 
area of tissue. Quantified multi-element analysis of 
localised sites of degeneration is thus necessary to 
resolve this question finally, which was beyond the scope 
of this study.
In his description of the conceptual models of Alzheimer's 
Disease, Wurtman (1983) concluded that it is unlikely 
that Alzheimer's Disease will be found to be due to one 
isolated entity (e.g. genetics, an infectious-agent or 
aluminium as a toxic agent) but rather to a combination of 
two or more of these factors. Collaboration between 
workers in the range of disciplines involved coupled with 
the most recent advances in instrumentation would appear 
to be the only means of resolving the cause of this 
distressing condition.
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Suggestions for Future Work
1) Repeat the study including more subjects in each group 
and further extending the range of elements considered.
2) Further investigation of the concentrations of elements 
in fluids taken from suspected Alzheimer's Disease cases 
during life with a view to follow up analysis at post­
mortem to discover if the levels of fluids during life can 
predict those in death and so be used in some diagnostic 
capacity.
3) Perform multi-element analysis of isolated plaques and 
tangles from Alzheimer's Disease tissue to determine if 
elemental changes occur only at the sites of degeneration.
4) Closer investigation is required of the role of the 
elements which were found to be significantly different in 
this study between the two groups, namely; magnesium, 
potassium, cobalt, nickel, copper, zinc, selenium, 
molybdenum and mercury.
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Mineral Elements in Diet, Health and Disease : Conclusions
It is hoped that the information and experimental studies 
presented in this report have shown that mineral elements 
have a highly significant part to play in man's health and 
well-being, the extent of which is only being fully 
realised through advanced research in nutrition. The work 
has attempted to illustrate the links between man and his 
geochemical environment as a determinant of health, where 
even in a country the size of Britain, differences in the 
elemental composition of foods as a result of differing 
soil composition are noted.
As outlined in the text, the chosen method of analysis for 
this work, Inductively Coupled Plasma Source Mass 
Spectrometry, had until recently been applied mainly to 
the analysis of geological and environmental samples. 
Through the two studies reported here, the suitability of 
the technique for biological mineral research has been 
demonstrated.
A number of suggestions for future work in this area have 
been made on the basis of the successful analysis of milk 
and human tissue samples which it is hoped will help to 
further elucidate the role of mineral elements in 
nutrition and health.
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APPENDIX ONE
ALUMINIUM (Al)
A1 in Nature
Third most abundant element in the earth's crust, at 
83 OOOppm. All compounds widespread in soils.
Al in Foodstuffs
Estimates of Al in food vary widely, in part due to 
problems in determination of the element due to 
environmental contamination. The Al content of the diet 
has been reported to vary from 7 to 36mg per day; the 
higher values are almost certainly due to contamination.
Al in the Human Body
Although present in trace amounts in biological material 
it does not appear to be an essential nutrient.
Symptoms of Al Toxicity
High levels of Al salts in the water used for kidney 
dialysis can cause a condition known as dialysis 
encephalopathy or 'dialysis dementia1. The possible role 
of Al in Alzheimer's Disease is discussed in chapter 4 of 
this work.
Therapeutic Uses of Al
Aluminium hydroxide salts are used in antacid 
preparations.
ANTIMONY (Sb)
Sb in Nature
Present in the earth's crust at an abundance of 0.2ppm. 
Metabolism is much affected by the valence state of the 
element.
Sb in Foodstuffs
Published values are not very extensive, although foods 
stored in enamel vessels contain appreciable amounts of 
Sb. Most fruits and vegetables contain <0.1ng.g-1 fresh 
weight.
Sb in the Human Body
Estimated concentrations in plasma and serum are 0.75 and 
0.52ng.mL_1 respectively. Occupationally exposed smelter 
workers hair has been found to contain up to 318|jg.g-:l Sb 
compared to 0.12 pg.g-1 in control subjects.
Biological Function of Sb
Sb has no known function in living organisms and has not 
been found to be one of the more toxic trace elements.
Therapeutic Uses of Sb
The trivalent compound of Sb, tartar emetic, is effective
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in the treatment of schistosomiasis.
ARSENIC (As)
As in Nature
As occurs at concentration of 1.8ppm in the earth's crust. 
It is found in soils, water, almost all plants and most 
animal tissues at a concentration of 1.5 to 2ng.g“1 . 
Despite this low concentration, As is a major constituent 
of no fewer than 245 mineral species.
As in Foodstuffs
As occurs in a variety of foods and beverages, at usually 
less than O.Sjjg.g-1 and rarely more than lpg.g-1 on a dry 
weight basis. Relatively high concentrations are found in 
Crustacea and other shellfish. Typical concentration 
ranges are (in pg.g-1 fresh weight):- Milk, 0.01-0.05; 
cereals, 0.05-0.4; meat, 0.005-0.1; fish, 2-80. The 
typical adult diet has been found to contain 0.4 to 3.9 mg 
As per day. The total amount of As ingested daily by 
humans is strongly influenced by the amounts of seafood 
included in the diet.
As in the Human Body
Extreme differences in As exposure via air, water, soil, 
animal feeds and human foods account for the wide range of 
concentrations reported in tissues. Typical values (in 
(jg.g-1 wet weight) are:
Normal As Exposed
Lung 0.08-0.17 2.3-2.6
Liver 0.09-0.30 4.4-6.9
Reported levels of As in blood vary widely. The accepted 
average is 0.3pg.mL-1 for healthy adults.
Biological Function of As
The argument for As as an essential element is gradually 
been proven to be correct and the element is now generally 
termed as an essential ultratrace element. The precise 
metabolism of the element remains undecided, although it 
is suggested that it might play a role in zinc and/or 
arginine metabolism. When discussing As in nutritional 
terms, one must distinguish between As-deficient rations 
of less than 50ng.g_1 , a normal As supply of 350 to 
500ng.g-1 and therapeutic doses of 3.5 to 5Mg.g- 1 . Safe 
and adequate intakes for As are not well defined.
Symptoms of As Deficiency
No deficiency syndrome has been demonstrated in man. 
Symptoms of As Toxicity
The knowledge of the toxicity of As compounds goes back to 
the 4th century B.C. Chronic exposure to smaller toxic 
doses results in weakness and muscular pain. These
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distributions are probably due to an inhibition of a wide 
range of enzyme systems by As. The fatal dose of ingested 
As trioxide for humans is reported to be 70 to 180mg.
BARIUM (Ba)
Ba in Nature
Water in some areas is found to have quite high levels of 
Ba (l.lpg.mL-1) which has been associated with high 
cardiovascular mortality.
Ba in Foodstuffs
Mean Ba intake from the UK diet has been estimated at 
603pg per day. In foods it is usually associated with
calcium and strontium. Reports of Ba in human foods are 
limited, although barium oxide (BaO) has been found to
range from 3pg.g-1 in dry apple to 80pg.g-1 in dry 
lettuce.
Ba in the Human Body
Ba is poorly absorbed from ordinary diets and little is 
retained in the tissues or excreted in the urine. Brain 
and liver have been found to contain 0.04pg.g-1 and
0.03pg.g_1 Ba respectively on a dry weight basis. Standard 
reference man contains about 22mg Ba.
Biological Function of Ba
There is no conclusive evidence that Ba performs any 
essential function is living organisms.
Symptoms of Ba Toxicity
Ba has a low order of toxicity by the oral route. High 
levels of Ba in drinking water have been associated with 
increased blood pressure and high cardiovascular
mortality.
Therapeutic Uses of Ba.
Barium sulphate (which is insolube in water) is opaque to 
X-rays and is used as a contrast medium in radiography of 
the stomach and intestines.
BORON (B)
B in Nature
While some soils have been shown to be deficient in B, 
excessive concentrations have been found in other areas.
B in Foodstuffs
B occurs in foods of plant origin in much higher 
concentrations than in animal tissues and products under 
normal conditions. Human diets provide about 2-3mg per 
day; most of this is absorbed from the gut and appears in
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the urine. Higher intakes of 10-20mg per day are 
associated with the consumption of large amounts of fruits 
and vegetables. Cow's milk has been found to contain 0.5- 
l.Oijg.mLr1 with little variation according to breed or 
stage of lactation.
B in the Human Body
B has been found at a level of 0.4pg.mL-1 in human whole 
blood and at 0.06pg.g-1 in human brain tissue (both wet 
weight basis).
Biological Function of B
B was shown to be an essential nutrient for plants as long 
ago as 1910 but there is no evidence that the element 
plays a role in any aspect of animal or human metabolism. 
It is thought unlikely that B presents a problem in human 
nutrition, with respect to either deficiency or 
overexposure.
CADMIUM (Cd)
Cd in Nature
Cd occurs widely in nature, in close association with 
zinc. It is present naturally in the geosphere, but 
various industrial processes (such as the making of 
batteries) increase exposure and Cd poisoning is now 
recognised as an industrial hazard. The amount of Cd 
found in drinking water is likely to be higher in soft 
water areas, especially when in contact with galvanised 
pipes. It is well established that increasing the Cd 
content of soils increases the Cd content of plants grown 
in those soils. Uptake varies with soil-type and species 
of plant.
Cd in Foodstuffs
The normal means of exposure to Cd for the general 
population are through food and cigarette smoking. 
Estimates of the daily dietary intake of Cd vary widely 
and are subject to regional variation e.g. in certain 
areas of Japan, intake may exceed 200pg per day. 
Fertilisers such as superphosphate may contain high levels 
of Cd which can reach man through the food chain. Some 
plastics used in food storage containers may also 
contribute to the total amount of Cd in food. Amounts of 
Cd in food vary widely - higher amounts are found in 
oysters and in beef liver. The estimated daily intake of 
Cd in the USA is 50pg.
Cd in the Human Body
Cd is virtually absent from the human body at birth and 
accumulates with age up to about the age of 50. Minute 
quantities are found in most tissues and fluids although 
no biological function for the element has yet been
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demonstrated. Total body content has been shown to vary 
throughout the world according to differences in intake 
from food but also from the amount of cigarettes smoked 
which contributes significantly to the body burden. 
Typical values for Cd in human tissues are (in pg.g-1):- 
Liver, 4.3; kidney, 13.9; lung, 2.3; muscle, 0.03.
Long term, low level exposure to Cd will result in 
accumulation in the liver and kidneys, the main storage 
organs for Cd. Levels in these organs are generally 
thought to reflect dietary Cd intakes.
Biological Function of Cd
Cd is not known to have an essential function but is known 
rather for its toxicological aspects.
Symptoms of Cd Toxicity
There appears to be no homoeostatic control mechanism to 
limit the absorption and retention of Cd below a non toxic 
threshold. Cd is known to have powerful influences with 
other divalent metals, both at the absorptive level and in 
the tissues, e.g. diets low in calcium are associated 
with significantly higher levels of absorption and 
deposition of Cd in the tissues. Cd is toxic to virtually 
every system in the animal body, whether ingested, 
injected or inhaled. It is difficult to suggest minimum 
toxic or maximum safe dietary levels of Cd since 
metabolism is so strongly influenced by dietary 
interactions, notably with zinc, copper and iron. High Cd 
levels have been associated with learning disabilities, 
hypertension, atherosclerosis and congenital defects. 
Chronic Cd poisoning has been described in Japanese women 
consuming rice grown in water polluted with Cd from an 
industrial outlet. This has resulted in a particularly 
severe (occasionally fatal) form of osteomalacia known as 
Itai-Itai disease.
CALCIUM (Ca)
Ca in Nature
Widely distributed in nature; the earth's crust contains 
46 600ppm, mainly in limestone and dolomite deposits.
Ca in Foodstuffs
Milk and milk products are the richest sources of readily 
absorbed Ca, supplying an average 60% of dietary Ca in the 
U.K. diet. Cereals are the next most valuable supplier of 
the mineral at about 23%, with canned fish, green and root 
vegetables and meat providing other useful sources. In 
areas where drinking water is particularly high in Ca, it 
may be provide up to 8% of the total daily intake. The 
efficiency of Ca absorption is dependent on the amount of 
exposure to U.V. light and vitamin D intakes, the food 
source and individual metabolism. Foods with a high
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oxalate content (e.g. cocoa, soya beans, spinach) decrease 
intestinal absorptive efficiency for Ca.
Ca in the Human Body
Ca in the most abundant mineral in the human body,
representing about 3% of total body weight. It is found
chiefly in the bones and teeth but about 1% of total Ca is 
distributed in the muscles and extracellular fluid. The 
Ca concentration of blood plasma or serum is about 85 to 
105 pg.mL“ 1 .
Biological Function of Ca
Ca is essential for optimum ossification in the child to 
form the stable bone salt, hydroxyapatite and for dynamic 
renewal of the bone mass in the adult. Ca is also
involved in wound healing in its promoting of the 
transformation of prothrombin to thrombin and in the 
regulation of hormone secretions (including insulin),
transmission of nerve impulses, muscle contraction and the 
activation of some enzymes.
Symptoms of Ca Deficiency
Deficiency of Ca is unlikely to occur in man since 
protective mechanisms serve to promote better utilisation 
of Ca when dietary supply is inadequate. Acute deficiency 
would result in muscular spasms due to over susceptibility 
of nerve cells to stimuli but this would only occur in 
extreme, prolonged deficiency.
Symptoms of Ca Toxicity
Excessive absorption of Ca can result from over dosage o 
vitamin D compounds and has been known to occur in 
children aged 5-8 years at onset. Symptoms include 
appetite loss, wasting and raised concentration of Ca in 
plasma. Irreparable damage to the brain and other organs 
such as heart and kidneys may occur and the condition is 
often fatal. In the healthy adult, however, there is 
little danger of excessive Ca intake since the body's 
homoeostatic mechanisms maintain Ca at an appropriate 
balance.
Therapeutic Uses of Ca
Ca lactate or gluconate can be given by mouth in the 
treatment of tetany, osteomalacia, hyperparathyroidism or 
chromic renal disease.
CHLORINE (Cl)
Cl in Nature
Widely distributed in sea water and in the earth's crust. 
Cl in Foodstuffs
Found in most foods in combination with sodium as sodium
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chloride (common salt), hence the intake of chloride 
parallels that of sodium. The safe and adequate daily 
intake of Cl is estimated to be 1.7 to 5.1g.
Cl in the Human Body
Cl represents 0.15% of body weight and is found throughout 
the body. Whole blood contains 2590-3290mg.L~ 1 .
Biological Function of Cl
One of the major roles of chlorine is to form the 
hydrochloric acid in the stomach. Along with sodium and 
potassium, chlorine is involved in the regulation of the 
acid-base balance of various body fluids.
Symptoms of Cl Deficiency
Diarrhoea and vomiting provoke Cl losses and thus produce 
serious imbalance of the body's electrolytes. However, in 
healthy people, Cl deficiency is virtually impossible as 
it is supplied in most foods.
Symptoms of Cl Toxicity
Cl toxicity is rarely found because excess chloride is 
readily excreted by the kidneys and skin, mostly as sodium 
chloride.
CHROMIUM (Cr)
Cr in Nature
Found in small amounts in drinking water. Certain areas of 
the world have been shown to produce a Cr deficient diet.
Cr in Foodstuffs
Few foodstuffs contain appreciable amounts of Cr, liver 
and kidney are the richest animal sources. Cr intakes by 
man are greatly influenced by the amounts and proportions 
of refined carbohydrates consumed since appreciable 
losses of Cr occur in the refining and processing of 
foods. It has been suggested that stainless steel 
cookware might contribute to the level of Cr in the diet 
when acidic foods are prepared in them. Cr is 
particularly low in seafoods and a diet containing much 
fish could be potentially deficient in Cr. The average 
diet supplies 5-115pg per day.
Cr in the Human Body
Total body content of Cr is low, generally less than 6mg. 
The process of ageing appears to be associated with a 
gradual depletion of body Cr stores. This may be a 
physiological phenomenon or an expression of suboptimal 
intakes over a long period of time. Estimates for Cr in 
body tissues and fluids vary widely. Whole blood has been 
found to contain 0.49-0.95pg/dL (0 . 0049-0 . 0095jjg.mL" 1 ) .
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Biological Function of Cr
The only known function for which Cr is specific is an an 
integral part of the glucose tolerance factor (GTF). This 
compound significantly and strongly increases the effect 
of exogenous insulin on glucose metabolism.
Symptoms of Cr Deficiency
Early symptoms of a Cr deficiency are an elevation of 
circulating insulin levels. The risk of Cr deficiency 
increases under all situations in which highly purified 
foods are consumed at the exclusion of a varied diet. It 
is suggested that repeated pregnancies continually 
decrease Cr stores.
Symptoms of Cr Toxicity
Orally absorbed Cr is excreted mainly via the kidneys. Cr 
has a low order of toxicity and a wide safety margin 
exists between the amounts usually ingested and those 
likely to induce adverse effects.
COBALT (Co)
Co in Nature
Co is widely distributed in nature, occurring in minerals 
linked to sulphur and arsenic. The widespread nature of 
its distribution has prompted a search for additional 
biologic functions to those described below.
Co in Foodstuffs
Among individual types of foods, green leafy vegetables 
are the richest and yet most variable source of Co, while 
dairy products, refined cereals and sugars are the 
poorest. Offal and other meats contain much more Co than 
can be accounted for as vitamin Bi 2 . The normal diet 
contains 10-200|jg Co per day.
Co in the Human Body
The total Co content of reference man has been reported to 
average l.lmg. About 43% of this total is stored in the 
muscles, 14% in the bones and the remainder distributed 
among the other tissues. Accumulation is not specific to 
any particular tissue, although the liver, kidneys and 
bones usually contain the higher concentrations of the 
element. Co in blood has been found to vary from 0.35 to 
6.3Mg/100mL (0.0035 to 0.0063jjg.mL~1 ) with red cells
containing appreciably higher concentrations of Co than 
plasma.
Biological Function of Co
Co is a constituent of vitamin Bi 2 (cyanocobalamin); Bi2 
is the only compound of Co that is nutritionally effective 
in man.
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Symptoms of Co Deficiency
Since man needs Co in the active form of vitamin Bi2 which 
is only available from animal sources, strict vegetarians 
are at a risk of developing Bi2 /Co deficiency which can 
lead in extreme cases to megaloblastic anaemia or 
neurological problems.
Symptoms of Co Toxicity
In animals, Co poisoning is shown by polycythemia (an 
increase in the haemoglobin concentration of the blood), 
loss of appetite and weight. In man, there is a very large 
safety margin between normal dietary amounts of Co and 
toxic quantities.
Therapeutic Uses of Co
Co salts were at one time used as a non-specific bone 
marrow stimulus in the treatment of certain refractory 
anaemias. The high doses used in such treatments produced 
serious toxic effects including goitre, hypothyroidism and 
heart failure.
COPPER (Cu)
Cu in Nature
Although generally widely distributed, areas of low Cu 
soil content have been identified which have led to the 
development of Cu deficiency disease in animals.
Cu in Foodstuffs
The richest sources of Cu (containing 20-400jjg.g_ 1 ) in 
human diets are crustaceans and shellfish (especially 
oysters) and offal (beef and lamb liver) followed by nuts, 
dried legumes and dried fruits. The poorest sources of Cu 
are dairy products, white sugar and honey containing 
usually no more than 0.5Mg.g_1 . Most Western diets supply 
2-4mg Cu per day. The refining of cereals for human 
consumption results in significant losses of Cu. Some 
soft waters, with their capacity to corrode metallic Cu 
plumbing, can raise intake by as much as 1.4mg per day.
Cu in the Human Body
The healthy adult body contains about 80mg Cu. The 
highest concentrations are found in the liver, brain, 
kidneys, heart and hair whilst the lowest concentrations 
are found in the thyroid, thymus and pituitary glands. Cu 
in whole blood has been found to vary from 0.8-1. 2pg.niL“ 1 
whilst an average of 8mg Cu is found in normal human 
brain.
Biological Function of Cu
Cu is involved in activities as diverse as haemoglobin 
synthesis, development of bone and elastic tissue and the 
normal functioning of the central nervous system. It is
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also a component of many enzymes such as cytochrome C 
oxidase and superoxide dismutase.
Symptoms of Cu Deficiency
Primary Cu deficiency has never been reported in adult 
man, presumably because his diet in usually derived from a 
variety of lands. However, under some circumstances, Cu 
deficiency has been observed. In babies and young 
children, a form of anaemia is found which can be remedied 
by supplementation of Cu and Fe. Malnourished children 
who are being rehabilitated on high-calorie diets may show 
signs of Cu deficiency which are rectified by Cu therapy.
Symptoms of Cu Toxicity
The ingestion of excess amounts of Cu is well tolerated by 
most animal species since Cu can be generally excreted in 
large quantities via the bile. Wilson’s disease is a 
genetic disorder which results in the accumulation of Cu 
at normal exposures. Cu is stored in the liver and parts 
of the brain giving rise to a distressing 
neurological disorder.
FLUORINE (F)
F in Nature
F is found in seawater at a concentration of 1.3ppm. Air 
is not a significant source of the element except in areas 
of industrial pollution.
F in Foodstuffs
The chief source of F is usually drinking water which, if 
it contains lppm fluoride, supplies 1 to 2mg per day. Hard 
water may contain over lOppm fluoride whilst soft water 
may contain none. Compared to drinking waters, the 
fluoride content in foodstuffs is of little importance and 
very few foods contain more than lppm. Seafish, however, 
may contain 5-10ppm and the extent of their inclusion in 
the diet obviously affects total dietary F. Estimated 
safe and adequate intake of F is 1.5 to 4mg per day.
F in the Human Body
Traces of F are regularly present in human tissues, 
particularly in the bones, teeth, thyroid gland and skin.
Biological Function of F
Epidemiological studies have shown that levels of F in 
drinking water at lppm are associated with a reduction in 
the incidence of dental caries in children. F has thus 
been established as an essential element although no 
specific experimental evidence in human exists to support 
this view.
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Symptoms of F Toxicity
In parts of the world where the F content of the water is 
high (over 3-5ppm) mottling of teeth due to fluorosis is 
common. Severe fluorosis produces a rapid loss of
appetite and weight accompanied by gastroenteritis,
muscular weakness, pulmonary congestion and finally
cardiac and respiratory arrest.
GOLD (Au)
Au in Foodstuffs
Most foodstuffs contain only a few nanogrammes or less of 
Au per gramme and the intake of this element is estimated 
to be less than 7pg per day.
Au in the Human Body
Despite low dietary intakes, Au is found in low quantities 
in human tissues. Whole blood has been found to contain 
0.055ng.mL-1 .
j
Therapeutic Uses of Au
Au compounds have been used in the treatment of rheumatoid 
arthritis since the 1940!s and continue to be used 
although the manner in which the beneficial effect occurs 
is not known. Therapeutically injected soluble Au is 
excreted mainly in the urine.
IODINE (I)
I in Nature
The level of I in drinking reflects the I content of the 
rocks and soils of a region and hence the locally grown 
foods.
I in Foodstuffs
The I content of foodstuffs is exceedingly variable, 
mainly due to differences in the content and availability 
of I in the soil and to the type and amount of fertilisers 
applied. Foods of marine origin are richer in I than any 
other class of foods and in areas of low I soil content, 
need to form an important part of the diet to avoid 
dietary deficiencies.
I in the Human Body
The adult human body contains 20-50mg I, of which 70-80% 
is concentrated in the thyroid gland. Normal iodide 
plasma levels are about O.OOlpg.mL"1 whilst brain contains 
about 0.02Mg.g-1 fresh weight.
Biological Function of I
I metabolism and thyroid function are closely linked since 
the only known role of I is in the synthesis of the
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thyroid hormones, thyroxine and triiodothyronine.
Symptoms of I Deficiency
The development of goitre (enlargement of the thyroid 
gland) due to I deficiency is probably the most obvious 
and best known of all mineral deficiency diseases. In 
areas of the world where goitre still occurs due to low 
local supplies, treatment can be as simple as the addition 
of iodised salt to the diet.
Symptoms of I Toxicity
As for many trace elements, there is not much difference 
between essential and toxic amounts of I. In man, levels 
of 20-50 times higher than recommended can depress thyroid 
action and self-supplementation when unnecessary may be 
equally as problematic as a deficiency of the element.
Therapeutic Uses of I
Small doses of I are of great value in the prevention of 
goitre in areas where it is endemic and are of value in 
its treatment, at least in the early stages.
IRON (Fe)
Fe in Nature
Fe is present in the earth's crust at about 62 OOOppm.
Fe in Foodstuffs
The Fe content of most foods varies greatly from sample to 
sample as a reflection of varietal differences and 
differences in the soil and climatic conditions under 
which the foods are grown or produced. The richest 
sources of Fe are organ meats such as liver and kidney
which may contain up to 14mg/100g Fe. Milk and milk 
products are poor sources of Fe. Great variation is seen 
in the Fe content of green vegetables depending on the
climate in which they are grown. In Britain they tend
generally to be an important source of the element. Daily 
intake of Fe is estimated at 11.6mg per day.
Fe in the Human Body
The normal adult body contains 4-5g Fe, concentrated
mainly in the liver and spleen. Whole blood contains 348- 
530mg.L-1 Fe whilst the Fe content of human brain has been 
reported to vary from 45 to over 5000|jg.g-1 . 60-75% of
the body's Fe is contained in blood haemoglobin.
Biological Function of Fe
Fe is a component of three different processes involved in 
the transport of oxygen and is needed by the bone marrow 
to make haemoglobin for new red blood cells. Excess Fe is 
stored as ferritin or haemosiderin in the liver, spleen 
and bone marrow.
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Symptoms of Fe Deficiency
The most frequent sign of Fe deficiency in man is iron 
deficiency anaemia in which the haemoglobin content of the 
red corpuscles is reduced and the corpuscles themselves 
are smaller. The blood's capacity to carry oxygen is 
depleted resulting in a lack of breath and reduced 
appetite and a general slowing of the body's vital 
function. Fe deficiency is probably the most prevalent 
deficiency affecting humans and is seen particularly in 
women of childbearing age.
Symptoms of Fe Toxicity
The toxicity of Fe from food is low and the most frequent 
incidence of Fe poisoning is in young children who have 
taken adult Fe supplements. In exceptional circumstances, 
excess dietary Fe can cause Fe deposits in the liver, 
pancreas, heart and skin and is first noticed by the 
development of a bronze cast to the skin. If not treated, 
the overload can cause the pancreas to fail (resulting in 
diabetes) and extreme cases may be fatal.
LEAD (Pb)
Pb in Nature
Pb is ubiquitous in the environment and varies widely in 
concentration, although in most cases the amount reaching 
humans or animals at risk can be reduced. Pb in the air 
varies with location, time and weather and may an order of 
magnitude higher in urban areas compared to rural 
villages.
Pb in Foodstuffs
Much variation occurs in the Pb content of food due to 
variation in the composition of the soil (and hence in the 
food chain through to man) in which produce are grown. 
The Pb content of staple foods, however, is generally low. 
The average intake of Pb from food and water is estimated 
to be 0.3mg Pb per day. In the USA, concentrations in 
food have been found to range from 200-300|jg per day; 
higher values have been reported in Western Europe. An 
important source of Pb in some areas is the water supply. 
In soft water areas where plumbing is still predominately 
Pb, levels of Pb in excess of 50|jg.L-1 have been reported.
Pb in the Human Body
The total body burden of Pb in adult man has been found to 
range from 90-400mg of which 90% is found in the skeleton. 
In general, Pb in tissues accumulates with age and 
increases at high Pb exposure in all tissues except 
muscles. Assay of Pb in teeth has provided a useful means 
of surveying Pb exposure in children. Only 5-10% of 
ingested Pb is absorbed; absorption is greatly influenced 
by dietary levels of calcium, phosphorus, copper, iron and
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zinc e.g. subnormal intakes of calcium and phosphorus are 
thought to increase Pb retention in body tissues.
Biological Function of Pb
Biological interest in Pb has centred principally on its 
properties as a highly toxic cumulative poison in man and 
animals. It has been suggested that Pb in low 
concentrations may be essential, although there is little 
evidence to support such as theory.
Symptoms of Pb Toxicity
The best known effect of Pb poisoning is the inhibition of 
nearly all the enzymatic steps involved in the synthesis 
of haem. Presenting clinical symptoms are similar in 
acute and chronic poisoning and include neurological 
defects, renal tubular dysfunction and anaemia. Symptoms 
include insomnia, dizziness, headache, irritability and 
lead-line stippling of the retina. In children, advanced 
Pb intoxication is manifest as encephalopathy; coma, 
convulsions, mania or delirium may occur.
LITHIUM (Li)
Li in Nature
Li occurs at a concentration of 18ppm in the earth's 
crust. Its distribution in the environment is not well 
documented.
Li in Foodstuffs
Li has not been widely studied in foodstuffs, however, it 
would appear that the Li content of water and vegetables 
varies from region to region and has been related to water 
hardness. Total dietary intakes have been estimated at 
100-2000jjg per day.
Li in the Human Body
Few analysts have included Li in multi-element analysis of 
tissues. Suggested values are in the ng.g-1 range e.g. 
blood 6ng.mL- 1 , liver 7ng.g- 1 .
Biological Function of Li
As far as is known, Li is not an essential nutrient for 
man and as such no deficiency symptoms have been reported. 
Epidemiological studies indicate that the level of Li in 
water correlates inversely with the distribution of 
atherosclerotic heart disease.
Symptoms of Li Toxicity
Toxic symptoms of depressed thyroid function have been 
reported in patients, particularly women, receiving Li 
supplementation.
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Therapeutic Uses of Li
Li has been used for more than 20 years in the treatment 
of manic depressive psychosis and has been shown to alter 
the conduction properties of nerves. These effects are 
regarded as pharmacological and in order to achieve 
improvement, supplementation is made to maintain plasma 
concentrations of the element at 7000ng.mL~1 . Toxic 
symptoms have been reported at concentrations of only 
twice this level. The mechanism of the therapeutic action 
of Li in manic depressives is not known.
MAGNESIUM (Mg)
Mg in Nature
Mg is one of the more abundant elements in the earth's 
crust (at 2.1%) and is also the lightest metal.
Mg in Foodstuffs
Mg is widely distributed in plants since it is an 
essential component of chlorophyll. Meat and offal are 
also rich sources of Mg. Whole cereals and nuts are also 
useful sources. The typical British diet is estimated to 
provide 200-400mg Mg per day. Cereals and vegetables 
between them normally contribute more than two-thirds of 
the daily Mg intake.
Mg in the Human Body
The normal adult body contains between 24 and 28g Mg, 89% 
of which is found in bone and muscle.
Biological Function of Mg
Mg is involved with many different biological processes. 
It is involved in most reactions that include phosphate 
transfer, for nerve conductions and for muscle contraction 
and relaxation. It is also a co-factor for enzymes 
involved in the synthesis of proteins and nucleic acids 
and influences the release of some hormones.
Symptoms of Mg Deficiency
Until 1960, it was doubted that a Mg deficiency state in 
man could exist, however, it is now agreed that under 
certain circumstances such a state is possible. Deficiency 
has been observed in cases of chronic alcoholism, various 
disease states (such as hyperthyroidism and renal disease) 
and in malnutrition. Characteristics of Mg deficiency 
include muscular tremor, ataxia, hallucinations, 
confusion, delirium and depression.
Symptoms of Mg Toxicity
Under usual circumstances, there is a wide range between 
toxic levels of Mg intake and the amounts in the diet. 
Toxicity symptoms and hypermagnesemia occur primarily in 
patients with serious renal insufficiency.
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MANGANESE (Mn)
Mn in Nature
Mn is relatively in the earth's crust at lOOOppm.
Mn in Foodstuffs
Common foods are highly variable in Mn concentration. 
Valuable dietary sources are primarily plant foods:- nuts, 
whole cereals and dried fruit. Tea is exceptionally rich 
in Mn, one cup can contain more than 1.3mg Mn. The 
average British diet is estimated to contain 4.6mg per day 
Mn, half coming from tea. About 40% of ingested Mn is 
absorbed.
Mn in the Human Body
The body of an adult man contains 15-20mg Mn, with the 
highest concentrations being found in bones, liver and 
kidneys. Typical tissue concentrations are:- brain, 
0.34|jg.g_1; muscle, O.Sgg.g-1 and blood, e.SSpg.mL-1 .
Biological Function of Mn
Considerable evidence suggests that Mn is essential for 
animals, although essentiality for man has never been 
clearly demonstrated. Mn activates several metal-enzyme 
complexes involving transferase, hydrolase, lyase, 
isomerase and ligase reactions.
Symptoms of Mn Deficiency
Mn deficiency in experimental animals leads to 
reproductive problems, poor growth and skeletal 
abnormalities. Mn deficiency in man has been observed in 
association with a vitamin K deficiency. The condition 
has similar manifestations to those observed in 
experimental animals.
Symptoms of Mn Toxicity
Mn is among the least toxic of the trace elements and 
toxicity in man arising from excessive intakes from food 
and beverages has never been reported. However, chronic 
Mn poisoning may occur in industrial situations. Miners 
who inhale large quantities of Mn over prolonged periods 
may develop a condition resembling schizophrenia 
('manganese madness') followed by a permanently crippling 
neurological disorder, similar to Parkinson's Disease.
MERCURY (Hg)
Hg in Nature
Hg occurs in the environment in several physical and
chemical forms. Inorganic forms include elemental Hg
vapour and mercurous and mercuric salts. Organic Hg
compounds are those in which Hg is linked directly to a
carbon atom by a covalent bond.
305
Hg in Foodstuffs
Methylated Hg compounds enter the food chain mainly 
through the action of micro-organisms that have the
ability to methylate Hg present in industrial wastes. The
Hg in fish from polluted waters occurs almost entirely as 
methylmercury. The amount of Hg consumed depends mainly 
on the amount of fish eaten. The contribution of Hg 
inhaled from the air is negligible compared with intake 
from food, except where there is occupational exposure.
Hg in the Human Body
No vital function for Hg in living organisms has yet been 
found. The highest levels of Hg in the human body are
seen in the skin, nails and hair which are exposed to
atmospheric and other contamination. Normal human brain 
contains an average 0.0042|jg.g“1 fresh weight Hg. Whole 
blood contains about 0. 43|jg.dL“ 1 . Significant differences 
due to age, sex or occupation are not normally seen but 
recent fish consumption is usually found to be important.
Symptoms of Hg Toxicity
Hg poisoning produces tremors and stomatitis (inflammation 
of the mucous lining of the mouth), but the symptoms are 
reversible when the patient is removed from further 
exposure to Hg.
MOLYBDENUM (Mo)
Mo in Nature
The amount of Mo in plants varies greatly depending on the 
soil, being relatively high in those grown on neutral or 
alkaline soils with a high content of organic matter and 
low in those grown on acid sandy soils.
Mo in Foodstuffs
The Mo content of foods depends greatly within and among 
the different classes of foodstuffs composing diets, 
particularly in relation to the soil type from which they 
are derived. In general, milk, dried legumes, liver, 
kidney and cereals have the highest levels. The average 
Western diet contains 200 to 500|jg Mo per day. The 
estimated safe and adequate intake for an adult is 150- 
500pg per day.
Mo in the Human Body
Mo occurs in low concentrations in all body tissues and 
fluids. Brain has been found to contain an average 
0.14Mg.g-1 (dry weight) and liver 3,2\jg,g~x (dry weight). 
Changes in dietary Mo intake are reflected in changes in 
the level of the element in the tissues. Considerable 
variation in the Mo content of blood is observed although 
there is little evidence of a broad geographical pattern. 
Total body content is about lOmg.
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Biological Function of Mo
At present there is no conclusive evidence to suggest that 
any clinical syndrome in man is directly attributable to a 
deficiency of Mo. However, it is accepted as an essential 
nutrient due to animal experimentation. Mo is a component 
of the enzymes xanthine oxidase and xanthine dehydrogenase 
which function in the formation of uric acid from purine 
bases and in iron metabolism.
Symptoms of Mo Deficiency
Mo deficiency in animals is not easy to produce nor are 
the symptoms very clear although a poor growth rate and 
altered response to stress is noted.
Symptoms of Mo Toxicity
An extremely high incidence of gout in some areas of 
Armenia and the USSR among communities subsisting mainly 
on locally grown foods has been associated with abnormally 
high concentrations of Mo in soil and plants. Another 
effect of high Mo intakes reported from India is an 
increased urinary loss of copper.
NICKEL (Ni)
Ni in Nature
Ni is present in the earth's crust at about lOOppm.
Ni in Foodstuffs
Only very low levels of Ni are found in foods of animal 
origin; larger amounts tend to be found in plant foods. A 
possible dietary intake of only 50-80ng per gramme of diet 
has been suggested. Most diets will provide this amount 
through inclusion of grains and vegetables.
Ni in the Human Body
Ni occurs in all tissues and fluids without accumulation 
at any known site. Ni content of blood varies greatly but 
is generally 2.6Mg.L- 1 . Abnormal serum Ni concentrations 
occur in several disease states e.g. elevated levels are 
seen in patients with acute myocardial infarction.
Biological Function of Ni
The essentiality of Ni has been suspected since the 
1920's; it has not yet been proven in man although 
extrapolation from animal experiments suggest an essential 
role. It is thought to have a role in the metabolism or 
structure of membranes and possibly in hormonal control 
e.g. prolactin.
Symptoms of Ni Deficiency
No evidence exists of Ni deficiency in man. Chicks raised 
on low Ni diets show ultrastructural abnormalities in the 
liver and increased liver phospholipid concentrations.
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Symptoms of Mi Toxicity
Ni is a relatively non-toxic element; contamination of 
foods does not present a serious health hazard. Acid 
foods take up Ni from nickel vessels during cooking but 
this is poorly absorbed and as far as is known has not led 
to poisoning.
PHOSPHORUS (P)
P in Nature
P exists in nature only in combination with other 
elements, often with calcium in rocks and is present in 
the earth's crust at about 1120ppm.
P in Foodstuffs
P is present in nearly all foods and deficiency is 
unlikely in man although it may arise in cattle grazing 
on land lacking in phosphates. The richest sources of P 
are protein foods and cereals; meat contains a lot of P, 
especially offal, as do fish, poultry, cheese, milk, nuts, 
whole-cereal products and dried fruit. Only sugars and 
fats are found to lack the element. Most, if not all of 
the dietary P is absorbed as free phosphate. The 
efficiency of phosphate absorption is a function of both 
the dietary intake and the food source. Average daily P 
requirements of adults in the USA is estimated as 0.8 to 
1.5g per day.
P in the Human Body
P represents about 1% of the human body; of this 85% (some 
600 to 900g) is to be found in the skeleton with the 
remainder distributed between tissue and membrane 
components of skeletal muscle, skin, nervous tissue and 
other organs. P in bone is found in the mineral phase as 
inorganic orthophosphate and phosphate. P is tissues is 
in an organic form.
Biological Function of P
P participates in almost all bodily reactions. It is 
combined with Ca to form and harden bone and dental 
tissue. Inorganic phosphates act as buffers and help to 
maintain the neutrality of the blood and acid-base balance 
of the body. Phosphate groups are essential constituents 
of the nucleic acids and nucleoproteins present in cell 
nuclei and cytoplasm. They are also involved in the 
formation of phospholipids, used in the emulsification and 
transport of fat and fatty acids and in the oxidation of 
carbohydrates for the production of biological energy 
(ATP - adenosine triphosphate).
Symptoms of P Deficiency
Direct dietary deficiency of P is unlikely to occur in 
man. However, in people taking large quantities of
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aluminium hydroxide antacids, dietary phosphate is bound 
and not absorbed and this may lead to secondary phosphate 
depletion. Symptoms include muscular weakness, bone pain 
and anorexia, although the condition is very rare.
POTASSIUM (K)
K in Nature
K is widely distributed in nature and is found in the 
earth’s crust at 18 400ppm abundance. It is frequently 
used as a fertiliser.
K in Foodstuffs
Meat is a good source of K, as is milk, although cheese 
is not because much K is lost in the whey. Fruits are 
also an excellent source, especially dates, bananas and 
apricots. Cereals contribute only small amounts of K to 
the average diet. K occurs in foods as the simple ion and 
is almost entirely soluble within the intestinal lumen and 
is almost completely absorbed by the body. Intake of K 
has fallen over recent years since some is lost in
processing of raw vegetables. Intake in USA is estimated 
to be 2.5g per day.
K in the Human Body
The average adult body contains about 80mg K found
principally in the intracellular fluid where it plays an 
important role as a catalyst in energy metabolism and in 
the synthesis of glycogen and protein.
Biological Function of K
The essentiality of K was not discovered until 1938. K
is essential to brain function and normal 
neurotransmission. It is also involved in the maintenance 
of osmotic equilibrium with the sodium ions in the 
extracellular fluid.
Symptoms of K Deficiency
Although K deficiency is unlikely to occur in the healthy 
individual, medications such as certain diuretics and 
adrenal cortical hormones may cause K depletion if efforts 
are not made to replace K in the diet. K deficiency 
results in muscular weakness, or even paralysis, nausea, 
vomiting, listlessness and intermittent body pains. The 
intestinal muscle can be affected to the point where 
peristalsis stops and the abdomen is distended and filled 
with gas. Prolonged lack of K may result in cardiac 
arrest.
Symptoms of K Toxicity
Causes of K excess include renal failure and adrenal 
insufficiency. An excessive dose of K given by vein may 
cause death by stopping the heart. Less severe excesses
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result in muscular waekness and mental apathy.
SELENIUM (Se)
Se in Nature
Se is irregularly distributed in soils; some contain too 
much and some contain too little. In North America, soil 
concentrations are too high in parts of Wyoming and the 
Dakotas. Certain plants, such as Grey's vetch and 
locoweed, thrive on such soils and accumulate Se in their 
leaves and seeds. Two diseases of the livestock grazing 
on these plants, 'blind staggers' and 'alkali disease' 
were shown to be caused by acute and chronic Se 
intoxication respectively.
Se in Foodstuffs
Se occurs in a number of forms in food, often present as 
protein-bound selenomethionine. Se-accumulator plants 
store Se in non-protein amino acids. Se content of foods 
is influenced by several factors.
1) Class of food: seafood, kidney, meat, rice and grains
tend to have relatively high Se content, whereas 
vegetables and fruits are generally lower in Se.
2) Origin of the food (i.e. chemical composition of the 
soil and its Se content) as described above. Se content 
of cereals may vary up to 1000 fold.
3) Food processing : more refined and processed foods
usually contain less Se.
Se in the Human Body
Total body content is about 13-20mg. Se occurs in all 
cells and tissues of the body in concentrations that vary 
with the tissue and the amount and chemical form of Se in 
the diet. Se concentrations in the tissues reflect the 
level of dietary Se over a wide range. Se has been found 
to occur at the following concentrations: kidney, 0.61-
1.84; liver, 0.28-0.81; muscle, 0.11-0.38 pg.g- 1 . Se 
concentration in blood is highly responsive to changes in 
the level in the diet over a wide range and has been found 
to vary from 0.10 to 0.34pg.mL~1 . There is some evidence 
of a geographical pattern reflecting established regional 
differences in the Se levels in crops with blood Se 
levels.
Biological Function of Se
Se was shown to be an essential nutrient for rats by 
Schwarz in 1957. The best known biochemical function of 
Se is as a part of the enzyme glutathione peroxidase which 
along with vitamin E and other antioxidants protects vital 
components of cells against oxidative damage.
Symptoms of Se Deficiency
Keshan disease is an endemic cardiomyopathy occurring in
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parts of Northern China which affects mainly children and 
women of childbearing age and has been linked to poor Se 
status. Supplementation with sodium selenite has been 
shown to cause improvement, although it is suspected that 
other factors may be involved in the aetiology of the 
disease.
Symptoms of Se Toxicity
The margin between deficiency and toxicity of Se seems 
narrower than for most trace elements. The toxic effects 
of Se were recognised long before the nutritional 
benefits, as outlined above. Despite the well-documented 
effects of Se toxicity, the biochemical mechanism of Se 
toxicity has not been established.
Therapeutic Uses of Se
Epidemiological evidence has been sited which links high 
doses of Se with inhibition of cancer in some animal 
models. However, this subject is controversial and is in 
need of further investigation.
SILICON (Si)
Si in Nature
Silica is second only to oxygen in abundance in the
biosphere and is found at a level of 272 OOOppm in the
earth’s crust and 3.0ppm in seawater.
Si in Foodstuffs
The minimum dietary Si requirements compatible with growth 
and health are largely unknown, although there is limited 
evidence from experiments with chicks. Foods of plant 
origin generally contain more silica than animal foods, 
with cereals making an important contribution to dietary 
intakes. A large proportion of dietary Si may be derived 
from beer. The estimated intake of Si from the diet in 
the UK is 1.2g per day. It has been estimated that humans 
assimilate 9-14mg Si daily.
Si in the Human Body
Si has been reported to be found in human tissues at the
following concentrations (pg.g-1 wet weight): brain, 23;
liver, 34; muscle, 41. Normal whole adult blood contains 
about Ipg.mL- 1 . Si is freely diffusible throughout 
tissues and fluids and is present almost entirely as free 
soluble monosilicic acid.
Biological Function of Si
The first clear evidence for Si essentiality in animals 
came in 1972. It is essential for growth and skeletal 
development and is involved in calcification of bone and 
cartilage and connective tissue formation. On the basis 
of these studies, essentiality for higher animals and
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humans is assumed.
Symptoms of Si Deficiency
Si deficiency has not been described in man and is 
not likely to occur due to the ubiquitous nature of the 
element.
Symptoms of Si Toxicity
Silicosis is a form of pneumoconiosis which develops after 
extensive inhalation of silica dust particles. It affects 
workers in mineral mining, quarrying, sand blasting and 
other occupations where high exposure is expected. Silica 
stimulates fibrosis of lung tissue which produces 
progressive breathlessness and increased susceptibility to 
tuberculosis.
SILVER (Ag)
Ag in Nature
Ag occurs naturally in very low concentrations in soils 
and plants and is present in the earth's crust at 0.08ppm.
Ag in Foodstuffs
Foods generally contain very little Ag. The element can 
gain access to foods from silver-plated vessels, silver- 
lead solders and silver foil used in decorating cakes and 
confectionery. Human dietary intake is estimated to be 
about 30(jg per day.
Ag in the Human Body
Ag in normal tissues is very low: brain, 0.004; liver,
0.006{jg.g-1 wet weight.
Biological Function of Ag
There is no evidence that Ag is essential for any living 
organism nor is it considered to be one of the more toxic 
trace elements. Ag has been shown to interact 
metabolically with copper and selenium and accentuate or 
induce vitamin E deficiency, although the manner of 
interference is not known.
SODIUM (Na)
Na in Nature
Na is present in the earth's crust at 22 700ppm.
Na in Foodstuffs
Foods of animal origin in general have a higher Na content 
than those of vegetable origin. Most Na is consumed in 
the form of added salt (sodium chloride) but some foods 
are important as salt sources (ham, bacon, dried meat). 
Milk serves as a useful source of Na for the general
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population, supplying 7% of total Na in the average UK 
diet.
Na in the Human Body
Na is found throughout the body. Blood has been found to 
contain from 1710 to 2050mg.L_ 1 ; liver, 564 to 5880|jg • 1 ?
brain, 1660 to 1833pg.mL-1 . It is possible to store small 
amounts of Na in the bone and cartilaginous tissue, 
although these reserves are too small to satisfy 
requirements for long.
Biological Function of Na
Although the necessity of Na in the diet was long 
suspected, essentiality was only proven in 1905. It is 
required for the maintenance of water and acid-base 
balance, brain function and nervous irritability. It also 
participates in the active transport of glucose inside 
cells.
Symptoms of Na Deficiency
Heavy losses of Na due to vomiting or diarrhoea result in 
the rapid appearance of muscular fatigue, vertigo, nausea, 
muscular weakness and seizures. Absorption of salt water 
produces rapid relief.
Symptoms of Na Toxicity
The adrenal hormone, aldosterone, regulates the excretion 
of Na in the urine. If liquid intake is low and therefore 
urine output is low, the body can no longer excrete excess 
Na. The Na content of the blood thus rises and appears to 
activate thirst receptors, prompting the individual to 
drink and so restore water balance.
STRONTIUM (Sr)
Sr in Nature
Widely distributed in nature and occurs at 384ppm in the 
earth's crust. Sr was of little interest until the start 
of atomic explosions which produce a radioactive isotope 
of Sr.
Sr in Foodstuffs
Foods of plant origin are appreciably richer in Sr than 
animal products. In general, it is present in those foods 
which are rich in Ca. Daily Sr intake from foods is 
usually no more than a few nanograms; the average UK diet 
supplies about 0.9mg per day.
Sr in the Human Body
In general, the distribution and metabolism of Sr mimics 
that of Ca. The major sites of retention for both 
elements are the skeleton and teeth. Total Sr content of 
the adult body is 323mg of which 99% is found in bones.
313
There is some evidence that the Sr levels in human bones, 
as well as lungs and aorta, increase with age and vary 
amongst geographical regions. Typical concentrations in 
tissues include: brain, 0.08(jg.g_1; liver, O.lOpg.g"1 and
whole blood, 0.02-0.196pg.mL~1 .
Biological Function of Sr
There is no evidence to suggest that Sr is an essential 
element.
Symptoms of Sr Toxicity
A wide margin of safety exists between dietary levels of 
stable Sr likely to be ingested from ordinary foods and 
water supplies and those that include toxic effects. 
There is a suggestion that Sr interferes with vitamin D 
metabolism, perhaps by reducing or inhibiting the ability 
of the kidney enzymes to convert 25 hydroxycholeciferol to 
1,25 dihydroxycholecalciferol.
TIN (Sn)
Sn in Nature
Found at 2.1ppm in the earth’s crust and used widely in 
tinfoil and tin cans.
Sn in Foodstuffs
Human diets have been reported to contain 3.5 to 17mg per
day. The widespread use of tin and tinfoil in cans and
packages of food presents a potential hazard to humans. 
Although most countries now coat cans with a lacquer, 
which reduces contamination considerably, many canned 
foods are found to contain higher concentrations of Sn
than unprocessed foods e.g. canned tomato sauce contains 
about lSOpg.g-1 Sn.
Biological Function of Sn
The only evidence that supports essentiality of Sn is that 
a dietary supplement of Ippm Sn to the diet of isolated
rats improved growth of sub-optimally growing rats. 
Essentiality for man has thus been assumed.
Symptoms of Sn Deficiency
No evidence exists for Sn deficiency in humans.
Symptoms of Sn Toxicity
Soluble salts of Sn are gastric irritants. Canned foods 
and drinks containing 250-700pg.g-1 Sn have been reported 
to be the cause of nausea, vomiting and diarrhoea in large 
numbers of people.
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VANADIUM (V)
V in Nature
Present in the earth's crust at 136ppm.
V in Foodstuffs
There is very little data on the V content of human foods, 
similarly on the average daily consumption of the element. 
From the data that exists, it appears that V content of 
samples of the same food varies widely. Apparently good 
sources are bread, some grains, nuts and vegetable oils. 
It is suggested that daily intakes range from 0.1 to Img.
V in the Human Body
There is very little data about the V concentration in 
human tissues, mainly because it appears to be present in 
the parts per billion range and because analytically it is 
a very difficult element to detect. From what data is 
available, it seems that V does not concentrate in any one 
organ. Suggested values are: brain, 0.03pg.g~1 ; liver,
0.04pg.g-1 (both wet weight). Whole blood is generally 
found to contain less than lpg.dL-1 V.
Biological Function of V
V was established as essential for animals in 1971. 
Although little is known of its biological function, it is 
suggested that it might be a co-factor in controlling one 
or more enzymatic catalytic reactions, possibly transfer 
enzymes. There is mounting evidence that V does have a 
physiological role in humans, although the dietary 
requirement is probably very small.
Symptoms of V Toxicity
V is a relatively toxic element to rats but from the 
limited evidence of its effects on human subjects, it 
would appear that V is not particularly toxic to man.
ZINC (Zn)
Zn in Nature
Widely distributed in nature; found at a concentration of 
76ppm in the earth's crust.
Zn in Foods
The major dietary sources of Zn are animal products, with 
the richest supply coming from muscle and organ meats and 
some seafoods. Beef, pork and lamb can contain 20- 
60pg.g-1 Zn. Milling of grain results in a dramatic 
decrease in the concentration of Zn in flour, although 
whole cereal grains are relatively rich in total Zn. Nuts 
and legumes are also relatively good plant sources and 
are less subject to processing losses than processed 
cereal grains. Variation in Zn content many be high
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within types of food as well as among different classes, 
since soil type and fertiliser treatment are found to 
affect Zn content. Total dietary intakes are greatly 
influenced by choice of foods consumed. Zn intakes are 
most strongly correlated with protein intakes but even 
this relationship is strongly dependent on the choice of 
protein source. The mean Zn content of a typical UK diet 
is estimated to be 8.6 to 14mg per day, of which about 5mg 
is retained. The RDA for Zn in the USA is 15-20mg per day 
for adults.
Zn in the Human Body
The total body content of Zn in an adult is 2-3mg. Zn in 
found in all human tissues, at the following 
concentrations (MU*g_1): bone, 100-250; brain, 13; liver,
58; muscle, 42. The highest concentration of Zn known to 
exist in living tissue is found in the choroid of the 
eye. Less than 5% of total Zn content of the body is 
found in the blood of adult humans at concentrations of 
4-8pg.mL-1 .
Dietary intakes of Zn are reflected in the concentrations 
found in some tissues e.g. blood, liver, hair, bone, 
whilst other tissues (brain, lung, muscle) are insensitive 
to dietary intakes.
Biological Function of Zn
Essentiality of Zn was demonstrated in 1934. More than 
200 Zn proteins are known and several biological roles for 
Zn have been identified. In most metalloenzymes, Zn is 
essential for the catalytic function and/or structural 
integrity of the molecule. Other routes for Zn include 
glucose and lipid metabolism, growth and sex hormones, 
thyroid hormones and prolactin.
Symptoms of Zn Deficiency
Zn deficiency has been observed or produced experimentally 
in many species as well as man. A deficiency results in 
impaired growth in children with associated anorexia, skin 
lesions and anaemia. In adults, Zn deficiency has been 
related to several neuropsychiatric signs including 
irritability, emotional disturbances, tremors and 
occasional cerebral ataxia. A positive correlation 
between maternal Zn deficiency and congenital 
malformations, especially of the central nervous system, 
has been suggested. Zn deficiency may be diagnosed by 
depressed plasma Zn content, or by alteration in the Cu:Zn 
plasma ratio. Zn deficiency may result from excessive 
alcohol consumption.
Symptoms of Zn Toxicity
Because of the effective homoeostatic control mechanisms 
governing Zn metabolism and its inherently low toxicity 
compared to Cu, Pb, Hg and As (other divalent cations) Zn 
is generally regarded as being relatively nonhazardous to
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humans. However, exposure to high concentrations of Zn 
(e.g. in an industrial setting) can produce an acute 
illness characterised by chills, fever, headache etc. 
Constant exposure results in tolerance of the metal. 
Poisoning with Zn may occur when foods have been stored in 
galvanised containers. Symptoms include nausea, vomiting, 
diarrhoea and abdominal cramps.
Therapeutic Uses of Zn
A severe syndrome of Fe deficiency, anaemia, hypogonadism 
and dwarfism which occurred in Iranian and Egyptian males 
in 1963 was attributed to primary Zn deficiency. 
Treatment with supplemental Zn salts caused a striking 
improvement in the condition.
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Ha Mg A1 P K Ca Na Mg A1 P K Ca
1:1 606 118 0.073 1080 1696 1618 4:1 571 102 0.461 . 873 1398 1034
496 106 0.135 873 1506 1227 724 115 0.469 1039 1598 1140
479 103 0.145 890 1448 1199 603 106 0.442 906 1425 1060
sean 527 109 0.118 948 1550 1348 lean 633 108 0.457 940 1474 1078
sd 56 6.5 0.03 94 106 191 sd 66 5.5 0.01 72 88 45
1:2 678 128 1.69 1232 1744 1367 4:2 636 99 0.476 876 1402 993
397 86 1.48 705 1240 1049 585 99 0.641 784 1277 955
404 86 1.52 819 1227 1414 545 94 0.689 786 1360 1024
lean 493 100 1.56 919 1404 1277 lean 588 98 0.602 816 1346 991
sd 131 20 0.11 226 241 162 sd 37 2.3 0.09 43 52 28
2:1 419 90 0.347 728 1267 967 5:1 358 87 0.570 757 1305 602
567 114 0.472 970 1595 1172 341 84 0.796 747 1225 539
440 96 0.505 748 1329 1017 379 90 0.779 820 1301 546
lean 475 100 0.441 816 1397 1052 lean 360 87 0.715 775 1277 562
sd 65 10 0.07 110 142 87 sd 16 2.4 0.10 32 37 28
2:2 643 118 0.226 1099 1728 1301 5:2 415 96 0.377 793 1372 656
668 123 0.320 1130 1780 1258 375 91 0.507 802 1280 500
605 110 0.318 1010 1576 1117 363 88 0.500 760 1245 468
lean 639 117 0.288 1080 1695 1225 lean 385 92 0.462 785 1299 541
sd 26 5.4 0.04 51 87 79 sd 22 4 0.06 18 53 82
3:1 699 122 0.763 1009 1576 1183 6:1 244 64 0.728 519 889 403
465 90 0.900 728 1269 968 226 63 0.781 509 873 374
563 97 0.844 840 1337 1027 242 62 0.899 477 841 399
lean 576 103 0.835 859 1394 1060 lean 237 63 0.803 502 868 392
sd 96 14 0.06 116 132 91 sd 7.9 0.9 0.07 18 20 13
3:2 527 99 0.299 820 1243 976 6:2 325 85 0.472 684 1106 579
498 93 0.268 723 1168 942 351 83 0.499 708 1149 639
571 99 0.275 873 1398 1004 372 84 0.554 760 1214 694
lean 532 97 0.281 805 1270 974 lean 349 84 0.509 718 1156 637
sd 30 3.0 0.01 62 96 26 sd 19 0.8 0.Q3 32 44 47
Table 1 : Milk Analysis Data for English Regions in January
In Tables 1 to 12;
* values not included in mean calculation 
^  recorded value below digestion blank
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Table 1 cont.
Cr Mn Fe Co Ni Cu
1:1 0.027 0.023 2.50 0.001 0.060 0.886
0.035 0.028 2.47 0.002 0.129 1.05
0.031 0.029 2.43 0.000 0.138 1.07
lean 0.031 0.027 2.47 0.001 0.109 1.00
sd 0.00 0.Q0 0.03 0.00 0.03 0.08
1:2 0.019 0.063 2.36 0.005 0.113 1.07
0.020 0.062 2.38 0.006 0.127 1.09
0.020 0.062 2.38 0.006 0.127 1.09
lean 0.019 0.062 2.37 0.005 0.122 1.08
sd 0.00 0.00 0.01 0.00 0.01 0.01
2:1 0.062 0.022 2.38 0.002 0.176 0.214
0.072 0.029 2.49 0.002 0.317 0.241
0.061 0.025 2.22 0.001 0.340 0.247
lean 0.065 0.025 2.36 0.002 0.278 0.234
sd 0.00 0.00 0.11 0.00 0.07 0.01
2:2 0.071 0.021 2.37 0.001 0.227 1.31
0.072 0.025 2.46 0.002 0.306 1.44
* 0.019 2.32 0.002 0.334 1.50
lean 0.071 0.022 2.38 0.001 0.289 1.42
sd 0.00 0.00 0.06 0.00 0.05 0.08
3:1 0.053 0.030 2.43 0.004 0.161 0.451
0.058 0.033 2.39 0.004 0.210 0.500
0.045 0.030 2.17 0.003 0.210 0.483
lean 0.052 0.031 2.33 0.003 0.194 0.478
sd 0.01 0.00 0.11 0.00 0.02 0.02
3:2 0.036 0.026 2.43 0.003 0.134 0.168
0.024 0.024 1.69 0.002 0.136 0.156
0.029 0.026 1.79 0.002 0.151 0.163
lean 0.029 0.025 1.97 0.002 0.140 0.162
sd 0.00 0.00 0.33 0.00 0.01 0.00
Cr Nn Fe Co Ni Cu
4:1 0.051 0.025 2.57 0.003 0.125 0.315
0.033 0.025 2.14 0.003 0.174 0.313
0.025 0.023 1.76 0.002 0.148 0.300
aean 0.036 0.024 2.16 0.002 0.149 0.309
sd 0.01 0.00 0.33 0.00 0.02 0.01
4:2 0.018 2.01 - 0.118 0.083
0.019 1.93 0.001 0.217 0.101
0.022 2.01 0.001 0.237 0.108
lean 0.020 1.98 0.001 0.191 0.097
sd 0.00 0.04 0.00 0.05 0.01
5:1 0.021 1.78 0.004 0.168 0.143
0.026 1.81 0.003 0.250 0.166
Q.027 1.97 0.003 0.261 0.174
lean 0.025 1.85 0.003 0.227 0.161
sd 0.002 0.09 0.00 0.04 0.01
5:2 0.012 0.020 2.38 0.002 0.252 0.034
0.011 0.025 2.25 0.003 0.347 0.037
0.015 0.022 1.77 0.003 0.377 0.040
lean 0.013 0.023 2.13 0.003 0.326 0.037
sd 0.00 0.00 0.26 0.00 0.05 0.00
6:1 0.026 0.023 2.02 0.002 0.166 0.035
0.034 0.023 1.62 0.002 0.242 0.048
0.041 0.026 1.61 0.002 0.247 0.043
lean 0.034 0.024 1.75 0.002 0.219 0.042
sd 0.01 0.00 0.19 0.00 0.04 0.01
6:2 0.069 0.025 2.08 0.004 0.208 0.038
0.076 0.023 2.02 0.003 0.318 0.042
0.095 0.024 1.97 0.005 0.359 0.046
lean 0.080 0.024 2.03 0.004 0.295 0.042
sd 0.01 0.02 2.01 0.00 0.32 0.04
320
Table 1 cont.
Zn
ft
Se Cd Hg Pb
1:2 - - 0.128 -
0.122 0.001 " 0.044 m
0.048 0.000 * 0.029 m
lean 0.085 0.000 0.067
sd 0.04 0.00 0.04
1:2 2.26 0.000 0.018 0.014 -
2.19 0.000 0.023 0.000 0.001
2.20 0.000 0.023 0.000 0.000
lean 2.22 0.000 0.021 0.005 0.001
sd 0.03 0.00 0.00 0.01 0.00
2:1 * 0.001 0.000
" 0.010 0.000
* 0.004 0.002
lean * 0.005 0.001
sd 0.00 0.00
2:2 0.024 0.004 0.000
0.046 0.000
0.015 0.005 0.000
lean 0.029 0.003 0.000
sd 0.01 0.00 0.00
3:1 0.234 0.000 0.053
0.309 0.000 0.004
0.312 0.002 0.000 0.048
lean 0.285 0.001 0.019 0.048
sd 0.04 0.00 0.02 0.00
3:2 0.244 0.022 0.171 0.000
0.166 0.009 0.158 0.0Q0
0.185 0.002 0.156 0.000
lean 0.198 0.011 0.161 0.000
sd 0.03 0.01 0.01 0.00
Zn Se Cd Hg Pb
4:1 0.361 0.006 0.014 0.000
0.369 0.002 0.012 0.000
0.226 0.002 0.012 0.000
lean 0.319 0.003 0.012 0.000
sd 0.07 0.00 0.00 0.00
4:2 0.465 0.056
0.603 0.002
0.676 0.000
lean 0.582 0.019
sd 0.09 0.03
5:1 0.252 0.000 0.000
0.364 0.000 *
0.343 0.009 0.000
lean 0.320 0.003 0.000
sd 0.05 0.00 0.00
5:2 0.185 0.011 0.028 0.046
0.225 0.000 0.029 0.001
0.203 0.007 0.027 0.001
lean 0.204 0.006 0.028 0.016
sd 0.02 0.00 0.00 0.02
6:1 0.427 0.000 - -
0.440 0.000 * *
0.405 0.000 * *
lean 0.424 0.000
sd 0.015 0.000
6:2 0.537 0.012 0.023 0.005
0.553 0.000 0.019 0.002
0.552 0.026 0.022 0.004
lean 0.547 0.013 0.022 0.004
sd 0.01 0.01 0.00 0.00
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Na Mg Ai P K Ca Cr Mn Fe Co Ni Cu
3:1 341 64 797 1152 767 0.017 1.04 0.008 0.021 0.105
349 67 823 1205 651 0.012 0.760 0.006 0.019 0.099
393 152 815 1196 1622 0.009 0.593 0.003 0.028 0.084
aean 361 95 812 1184 1013 0.012 0.799 0.006 0.023 0.096
sd 23 41 11 23 433 0.00 0.19 0.00 0.00 0.01
3:2 371 74 - 812 1184 656 0.017 1.13 0.006 0.031 0.106
379 73 0.018 810 1200 618 0.013 0.712 0.005 0.036 0.090
375 74 0.025 834 1217 672 0.014 0.929 0.006 0.054 0.095
lean 375 74 0.014 819 1200 649 0.014 0.922 0.006 0.040 0.097
sd 3.5 0.48 0.01 11 13 23 0.00 0.17 0.00 0.01 0.01
4:1 367 75 0.055 770 1187 532 0.019 1.19 0.008 0.035 0.134
366 76 0.026 800 1210 595 0.014 0.726 0.006 0.044 0.111
384 81 0.026 832 1257 625 0.013 0.642 0.006 0.050 0.110
lean 372 77 0.036 801 1218 584 0.015 0.853 0.007 0.043 0.118
sd 8.0 2.6 0.01 25 29 39 0.00 0.24 0.00 0.01 0.01
4:2 358 79 0.021 809 1241 575 0.102 0.033 1.66 0.009 0.040 0.123
372 81 0.040 826 1242 651 0.055 0.026 1.41 0.009 0.050 0.119
371 82 * 861 1268 704 * " *
lean 367 80 0.030 832 1250 643 0.079 0.029 1.53 0.009 0.045 0.121
sd 6.3 1.2 0.01 22 12 53 0.02
£
0.00 0.13 0.00 0.00 0.00
6:1 356 67 0.032 824 1265 645 0.446 0.050 2.78 Q.019 0.148 0.290
360 70 0.027 819 1268 639 0.158 0.047 2.35 0.015 0.123 0.267
366 72 0.015 820 1297 620 0.211 0.040 1.97 0.014 0.118 0.268
lean 361 70 0.025 821 1277 635 0.272 0.045 2.36 0.016 0.130 0.275
sd 4.1 2.1 0.01 2.3 15 11 0.13 0.00 0.33 0.00 0.01 0.01
6:2 368 81 816 1263 600 0.034 0.019 1.833 0.010 0.035 0.038
392 82 819 1290 708 0.028 0.017 1.591 0.009 0.039 0.046
383 81 816 1276 586 0.036 0.015 1.495 0.009 Q.054 0.040
lean 381 81 817 1276 631 0.033 0.017 1.640 0.010 0.043 0.041
sd 10 0.8 1.6 11 55 0.00 0.00 0.14 0.00 0.01 0.00
Table 2 : Milk Analysis Data for English Regions in March
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Table 2 cont.
Zn Se Cd Hg Pb
3:1 1.88 0.014 0.002 * -
1.69 0.000 0.001 * 0.001
1.55 0.001 0.001 * *
lean 1.70 0.005 0.001 ' 0.001
sd 0.14 0.01 0.00 ' 0.00
3:2 1.78 0.008 0.003 * -
1.52 0.008 0.006 "
1.58 0.012 0.007 ' 0.001
lean 1.62 0.009 0.005 * 0.000
sd 0.11 0.00 0.00 ■ 0.000
4:1 1.94 0.013 0.001 0.001
1.60 0.019 * 0.002
1.66 0.006 0.001 0.002
lean 1.73 0.013 0.001 0.001
sd 0.15 0.01 0.00 0.00
4:2 2.743 0.000 - -
2.536 0.004
lean 2.639 0.002 - *
sd 0.10 0.00
'
6:1 2.404 0.032 0.001 *
2.086 0.026 0.001 *
1.946 0.037 0.002 0.001
lean 2.14 0.032 0.001 0.001
sd 0.19 0.00 0.00 0.00
6:2 1.56 0.024 0.002
1.54 0.009 0.002
1.44 0.015 0.002
lean 1.51 0.016 0.002
sd 0.05 0.01 0.00 '
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Na Mg A1 P F. Ca
1:1 525 83 0.021 875 1171 866
536 86 " 900 1195 910
538 87 * 896 1187 878
lean 533 86 0.021 890 1184 885
sd 5.7 1.7 0.00 11 10 18
i—
*
C
O 370 75 865 1169 778
375 78 868 1176 787
387 79 905 1207 828
lean 377 77 879 1184 798
sd 7.1 1.6 18 17 22
2:1 436 83 923 1206 947
442 84 926 1230 939
450 82 0.345 923 1228 980
lean 443 83 0.345 924 1222 955
sd 5.7 0.9 0 1.6 11 18
2:2 462 82 0.040 864 1163 801
473 85 • 877 1171 826
474 83 * 854 1162 825
lean 470 83 0.040 865 1166 817
sd 5.4 1.2 0.00 9.3 4.1 12
3:1 383 80 0.068 913 1198 790
391 82 0.027 911 1228 801
398 83 0.011 942 1220 776
lean 391 82 0.035 922 1215 789
sd 6.1 1.4 0.02 14 13 10
3:2 490 92 842 1190 758
484 91 919 1209 717
492 91 907 1209 748
lean 489 91 889 1203 741
sd 3.4 0.5 34 9.1 17
Na Mg A1 P K Ca
4:1 437 87 0.062 938 1342 1298
442 88 0.023 942 1363 1307
444 89 0.007 954 1369 1303
lean 441 88 0.031 945 1358 1303
sd 2.9 0.8 0.02 6.8 11 4
4:2 382 79 960 1378 1416
372 79 960 1356 1275
366 78 925 1361 1275
lean 373 79 948 1365 1322
sd 6.6 0.6 17 9.3 67
5:1 460 83 933 1311 1237
470 85 930 1316 1242
476 83 950 1326 1193
lean 469 83 938 1318 1224
sd 6.6 0.9 8.7 6.4 22
5:2 621 90 0.005 958 1354 1359
618 88 * 931 1335 1235
619 89 * 941 1335 1245
lean 619 89 0.005 943 1341 1280
sd 1.2 0.8 0.00 11 8.8 56
6:1 646 87 0.158 906 1324 1274
664 90 * 928 1348 1233
658 89 924 1340 1229
lean 656 88 0.158 919 1337 1245
sd 7.5 1.0 0.00 10 10 20
6:2 427 80 0.018 913 1333 1230
445 83 * 927 1351 1233
445 84 * 935 1343 1269
lean 439 82 0.018 925 1342 1244
sd 8.5 1.7 0.00 8.9 7.6 18
Table 3 : Milk Analysis Data for English Regions in May
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Table 3 cont.
Cr Mn Fe Co Ni Cu Cr Mn Fe Co Ni Cu
1:1 * 0.005 0.385 0.002 ' 4:1 * 0.006 0.433 0.002 0.004 '
' 0.002 0.219 0.001 * * 0.004 0.262 0.002
' 0.001 0.213 0.002 ' ■ 0.001 0.147 0.002 « -
lean “ 0.003 0.272 0.001 ' lean * 0.003 0.281 0.002 0.004 '
sd 0.00 0.08 0.00 ' sd 0.00 0.12 0.00 Q.00 '
1:2 * 0.001 0.124 0.002 * 4:2 * 0.003 0.375 0.004 0.002 ’* m 2.28 0.001 * ■ 0.001 0.169 0.003 0.000 ‘
* m 2.02 0.001 * * 0.088 0.002 0.002 ‘
lean * 0.001 1.476 0.001 ' lean ' 0.002 0.211 0.003 0.001 '
sd 0.00 0.96 0.00 ' sd 0.00 0.12 0.00 0.00 ‘
2:1 0.302 0.001 * 5:1 ' 0.004 Q.233 0.002 0.001 '
0.164 0.002 * ' 0.001 0.048 0.001 *
0.084 0.003 ’ * - * 0.001 «
lean 0.183 0.002 * lean * 0.002 0.140 0.001 0.001 *
sd 0.09 0.00 ' sd 0.00 0.10 0.00 0.00 '
2:2 * 0.009 2.02 0.002 * 5:2 * 0.005 0.412 0.003 0.032 *
' 0.002 1.14 0.001 ' ’ 0.001 0.120 0.001 0.012 '
* 0.001 0.930 0.002 * * - 0.057 0.001 0.008 '
lean * 0.004 1.363 0.001 ' lean ’ 0.003 0.196 0.002 0.017 *
sd 0.00 0.47 0.00 ' sd 0.00 0.15 0.00 0.01 '
3:1 * 0.002 0.298. 0.002 ' 6:1 ' 0.005 0.383 0.003 0.004 ’
m a 0.133 0.001 ' " 0.110 0.002 0.001 ’
m m 0.066 0.001 ' " * 0.025 0.002 -
lean ' 0.002 0.166 0.001 ’ lean * 0.005 0.173 0.002 0.002 '
sd 0.00 0.10 0.00 ' sd 0.00 0.15 0.00 0.00 '
3:2 0.280 Q.001 * 6:2 " 0.003 0.316 0.002 0.001 '
0.120 0.001 ' * " 0.120 0.001 0.002 ‘
0.067 0.001 ’ - « 0.022 0.001 -
lean 0.156 0.001 ' lean ' 0.003 0.153 0.001 0.001 '
sd 0.09 0.00 ' sd 0.00 0.12 0.00 0.00 '
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\
Table 3 cent.
Zn Se Cd Hg Pb Zn Se Cd Hg Pb
1:1 0.527 0.000 0.000 ' 4:1 0.680 0.000 0.000 0.000
0.363 0.000 0.000 * 0.458 0.000 0.000 0.000
0.351 0.000 0.000 * 0.388 0.000 0.000 0.000
aean 0.414 0.000 0.000 ' aean 0.508 0.000 0.000 0.000
sd 0.08 0.00 0.00 ' sd 0.12 0.00 0.00 0.00
1:2 0.388 0.000 0.000 ’ 4:2 0.538 0.000 0.000 0.000
0.233 0.000 0.000 ' 0.330 0.000 * 0.000
0.201 0.000 0.000 * 0.243 0.000 m 0.000
aean 0.274 0.000 Q.000 ' aean 0.370 0.000 0.000 0.000
sd 0.08 0.00 0.00 ' sd 0.12 0.00 0.00 0.00
2:1 0.441 0.000 0.000 ' 5:1 0.453 0.000 0.000 0.000 0.004
0.327 0.000 0.000 * 0.246 0.000 0.000 0.000 0.003
0.268 0.000 0.000 ' 0.172 0.000 0.000 0.000 0.003
aean 0.345 0.000 0.000 * aean 0.290 0.000 0.000 0.000 0.003
sd 0.07 0.00 0.00 ' sd 0.12 0.00 0.00 0.00 0.00
2:2 0.658 0.000 0.003 0.000 ’ 5:2 0.734 0.000 0.000 0.000
0.324 0.000 0.001 0.000 ' 0.439 0.000 * 0.000
0.264 0.000 0.002 0.000 * 0.300 0.000 0.000 0.000
aean 0.415 0.000 0.002 0.000 ‘ aean 0.491 0.000 0.000 0.000
sd 0.17 0.00 0.00 0.00 * sd 0.18 0.00 0.00 0.00
3:1 0.388 0.000 0.000 ' 6:1 0.572 0.000 0.000 0.000
0.223 0.000 0.000 ' 0.285 0.000 * 0.000
0.161 0.000 0.000 ' 0.209 0.000 m - 0.000
aean 0.257 0.000 0.000 ' aean 0.355 0.000 0.000 0.000
sd 0.10 0.00 0.00 ' sd 0.16 0.00 0.00 0.00
3:2 0.358 0.000 0.000 ' 6:2 0.563 0.000 0.000
0.228 0.000 0.000 ' 0.308 0.000 0.000
0.174 0.000 0.000 * 0.234 0.000 0.000
aean 0.253 0.000 0.000 ' aean 0.368 0.000 0.000
sd 0.08 0.00 0.00 ' sd 0.14 0.00 0.00
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Na Mg A1 P K Ca Na Mg A1 P K Ca
1:1 468 82 0.433 801 1255 925 4:1 441 90 0.227 766 1269 1127
502 87 0.470 847 1253 914 495 89 0.312 836 1480 1168
504 89 0.565 850 1323 1323 475 93 0.280 851 1297 1159
mean 491 86 0.489 833 1277 1054 mean 470 91 0.273 818 1349 1151
sd 17 2.8 0.06 22 33 190 sd 22 1.9 0.035 37 94 18
1:2 880 98 0.498 941 1738 1323 4:2 444 96 0.224 889 1396 1143
940 111 0.587 920 1580 1507 532 95 0.206 808 1350 1269
882 113 0.635 1024 1607 1415 534 101 0.226 878 1497 1262
mean 901 107 0.573 962 1642 1415 mean 503 97 0.218 858 1414 1225
sd 28 6.9 0.06 45 69 75 sd 42 2.9 0.01 36 62 58
2:1 517 92 0.545 980 1631 1617 5:1 500 61 0.035 647 1093 710
498 100 0.621 1049 1634 1709 474 59 0.027 616 1072 846
515 93 0.709 1013 1722 1826 431 55 * 578 1022 783
mean 510 95 0.625 1014 1662 1717 mean 468 58 0.031 614 1062 780
sd 8.5 3.6 0.07 28 42 86 sd 28 2.8 0.00 28 30 56
2:2 615 101 0.567 1073 1613 1768 5:2 413 63 0.327 643 1055 1080
668 101 0.607 1056 1658 1839 385 61 0.351 620 1040 850
674 108 0.576 1152 1721 1821 610 48 0.329 484 857 467
mean 652 103 0.583 1094 1664 1809 mean 469 57 0.335 582 984 799
sd 27 3.0 0.02 42 44 30 sd 100 6.5 0.01 70 90 253
3:1 461 99 0.885 1037 1571 1639 6:1 360 59 0.225 634 1035 706
485 102 0.952 1098 1578 1673 369 61 0.259 625 1069 825
480 97 * 1017 1647 1654 mean 364 60 0.242 630 1052 765
mean 475 100 0.918 1051 1599 1655 sd 4.5 1.0 0.02 4.4 17 59
sd 10 2.2 0.03 34 34 14
6:2 408 62 0.340 697 1153 1203
3:2 724 101 0.582 934 1639 1710 482 68 0.255 768 1249 1448
736 100 0.618 1011 1719 1733 481 68 0.305 736 1211 1600
690 98 0.542 965 1732 1652 mean 457 66 0.300 733 1204 1417
mean 717 100 0.581 970 1697 1698 sd 35 2.9 0.03 29 39 164
sd 19 1.3 0.03 32 41 34
Table 4 : Milk Analysis Data for English Regions in July
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Table 4 cont.
Cr Mn Fe Co Ni Cu
1:1 0.107 0.034 1.53 0.006 0.075
0.085 0.037 1.67 0.008 0.088
0.103 0.036 1.77 0.007 0.090
lean 0.099 0.036 1.66 0.007 0.084
sd 0.01 0.00 0.10 0.00 0.01
1:2 0.165 0.044 2.06 0.006 * 0.060
0.153 0.045 2.11 0.006 0.008 0.073
0.166 0.040 2.02 0.007 0.038 0.067
lean 0.162 0.043 2.07 0.006 0.023 0.067
sd 0.01 0.00 0.04 0.00 0.01 0.01
2:1 0.134 0.035 1.74 0.004 0.069
0.133 0.035 1.87 0.006 0.085
0.124 0.032 1.94 0.006 0.111
lean 0.131 0.034 1.85 0.005 0.088
sd 0.00 0.00 0.08 0.00
t
0.02
2:2 0.259 0.037 1.71 0.007 1.323 0.110
0.250 0.034 1.69 0.006 1.386 0.099
0.178 0.034 1.44 0.005 1.420 0.099
lean 0.229 0.035 1.62 0.006 1.377 0.103
sd 0.04 0.00 0.12 0.00 0.04 0.01
3:1 0.231 0.041 4.72 0.008 0.100
0.168 0.052 4.75 0.007 0.111
* 0.482 0.001 *
lean 0.200 0.046 3.318 0.005 0.105
sd 0.03 0.01 2.01 0.00 0.01
3:2 0.052 2.659 0.007 0.071
0.047 2.695 0.006 0.080
0.041 2.378 0.005 0.075
lean 0.047 2.577 0.006 0.075
sd 0.00 0.14 0.00 0.00
Cr Mn Fe Co N: Cu
4:1 ' 0.030 1.303 0.004 0.158
* 0.024 1.393 0.004 0.196
' 0.027 1.322 0.004 0.188
lean ‘ 0.027 1.339 0.004 0.181
sd 0.00 0.04 0.00 0.02
4:2 ' 0.030 1.499 0.004 0.178
* 0.028 1.420 0.005 0.175
' 0.025 1.497 0.005 0.185
lean ' 0.027 1.472 0.004 0.180
sd 0.00 0.04 0.00 0.00
5:1 * 0.021 1.008 0.004 -
' 0.014 0.948 0.003 m
' 0.004 Q.522 0.Q01 M
lean * 0.013 0.826 0.002 *
sd 0.01 0.22 0.00
5:2 ' 0.038 1.398 0.007 0.379
' 0.032 1.365 0.006 0.379
* 0.037 1.341 0.007 0.379
lean ' 0.035 1.368 0.006 0.379
sd 0.00 0.02 0.00 0.00
6:1 * 0.014 3.917 0.007 0.005
' 0.016 0.833 0.005 m
lean * 0.015 2.375 0.006 0.005
sd 0.00 1.54 0.00 0.00
6:2 ' 0.027 1.459 0.004 0.025
' 0.023 1.151 0.004 0.017
' 0.025 1.296 0.003 0.024
lean ’ 0.025 1.302 0.003 0.(00 0.022
sd 0.00 0.13 0.00 000 0.00
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Table 4 cont.
Zn Se
1:1 2.31 0.036
2.58 0.059
2.60 0.066
aean 2.50 0.054
sd 0.13 0.01
1:2 2.98 0.041
3.33 0.042
3.38 0.018
lean 3.23 0.034
sd 0.18 0.01
2:1 3.76 0.018
4.39 0.053
4.74 0.054
lean 4.30 0.042
sd 0.40 0.02
2:2 3.04 0.024
2.66 0.017
2.28 0.000
lean 2.66 0.014
sd 0.31 0.01
3:1 1.67 0.034
1.36 0.035
0.195 0.000
lean 1.08 0.023
sd 0.64 0.02
3:2 0.946 0.014
0.897 0.011
0.781 0.000
lean 0.875 0.008
sd 0.07 0.01
Cd Hg Pb
0.005 0.011 0.014
0.008 0.003 0.012
0.006 0.002 0.011
0.006 0.005 0.012
0.00 0.00 0.00
0.003 * 0.007
0.001 * 0.006
0.003 0.003 0.008
0.002 0.003 0.007
0.00 0.00 0.00
0.003 0.003 0.008
0.003 0.010 0.006
0.006 0.008 0.008
0.004 0.007 0.007
0.00 0.00 0.00
0.005 0.005 0.010
0.003 0.001 0.005
0.003 0.007
0.004 0.003 0.007
0.00 0.00 0.00
0.012 0.044 0.009
0.014 0.039 0.008
0.001 0.005 *
0.009 0.029 0.008
0.01 0.02 0.00
0.002 0.010 0.052
0.001 0.008 0.040
0.001 0.011 0.037
0.001 0.009 0.043
0.00 0.00 0.01
Zn Se
4:1 3.30 0.044
3.59 0.012
3.43 0.023
lean 3.44 0.026
sd 0.12 0.01
4:2 3.84 0.014
3.61 0.030
3.76 0.013
lean 3.74 0.019
sd 0.10 0.01
5:1 3.82 0.018
3.72 *
3.04 *
lean 3.53 0.018
sd 0.35 0.00
5:2 4.86 •
4.54
4.65 0.036
lean 4.68 0.036
sd 0.13 0.00
6:1 4.838 0.001
4.934 *
aean 4.89 0.000
sd 0.04 0.00
6:2 6.13 ■
5.83 0.030
6.08 0.042
aean 6.01 0.036
sd 0.13 0.01
Cd Hg Pb
0.006 0.007 0.027
0.003 0.001 0.026
0.008 0.004 0.024
0.005 0.004 0.026
0.00 0.00 0.00
0.012 0.002 0.018
0.010 * 0.014
0.011 * 0.015
0.011 0.002 0.016
0.00 0.00 0.00
0.003 0.005 0.007
0.003 0.011 0.008
0.003 0.006 0.004
0.003 0.008 0.006
0.00 0.00 0.00
0.005 0.014 0.041
0.001 0.014 0.038
0.003 0.018 0.035
0.003 0.016 0.038
0.00 0.00 0.00
0.010 - 0.004
0.006 0.004
0.008 0.000 0.004
0.00 0.00 0.00
0.007 0.000 -
0.005 0.000
0.005 * 0.002
0.005 0.000 0.001
0.00 0.00 0.00
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Na Mg A1 P K Ca Na Mg A1 P I Ca
2:1 284 85 0.067 689 642 944 5:1 296 88 0.057 698 832 931
289 87 0.077 693 643 892 298 89 0.097 723 774 795
292 87 0.087 700 652 908 294 88 0.107 700 819 840
lean 288 86 0.077 694 646 914 lean 296 88 0.087 707 808 855
sd 3.2 1.0 0.01 4.5 4.2 22 sd 1.5 0.6 0.02 11 25 57
2:2 295 87 0.037 699 776 924 5:2 289 88 0.077 723 770 851
286 86 0.037 697 769 1021 302 90 0.137 712 755 955
288 78 0.047 700 761 857 301 83 0.137 730 754 934
lean 290 84 0.040 699 769 934 lean 297 87 0.117 722 760 913
sd 4.0 4.3 0.00 1.1 6.0 67 sd 5.6 2.7 0.03 7.5 7.4 45
3:1 351 96 0.107 699 747 981 6:1 277 80 0.077 737 708 1084
357 98 0.107 690 718 990 281 88 0.137 715 682 1050
343 95 0.097 717 732 1089 274 86 0.147 726 709 1430
lean 350 97 0.103 702 732 1020 lean 277 85 0.120 726 699 1188
sd 5.6 1.0 0.00 11 12 49 sd 3.0 3.4 0.03 8.9 12 171
3:2 304 88 0.037 720 732 1016 6:2 294 87 0.067 732 717 834
296 88 0.077 686 704 779 280 85 0.097 705 675 846
295 89 0.117 689 698 935 288 85 0.107 687 633 949
lean 298 88 0.077 699 711 910 lean 287 86 0.090 708 675 876
sd 4.1 0.3 0.03 15 15 98 sd 5.5 1.0 0.02 19 34 51
4:1 306 79 0.167 720 728 863
306 87 0.187 708 713 887
308 81 0.187 705 724 1390
lean 306 82 0.180 711 722 1047
sd 1.0 3.5 0.01 6.4 6.6 243
4:2 305 89 0.117 729 785 882
308 91 0.157 720 799 894
304 91 0.167 732 808 996
lean 305 90 0.147 727 797 924
sd 1.8 0.8 0.02 4.9 9.8 51
Table 5 : Milk Analysis Data for English Regions in September
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Table 5 cont.
Cr Mn Fe Co Ni Cu Cr Mn Fe Co Ni
i
Cu
2:1 0.030 0.020 5.87 0.000 0.450 0.017 5:1 * 0.010 4.41 0.000 0.250 0.067
0.020 0.020 6.34 0.000 0.470 0.007 ■ 0.010 4.39 0.000 0.290 0.087
* 0.010 5.98 0.000 0.440 0.007 ' 0.010 4.63 0.000 0.300 0.087
lean 0.025 0.017 6.06 0.000 0.453 0.010 lean ' 0.010 4.48 0.000 0.280 0.080
sd 0.00 0.00 0.20 0.00 0.01 0.00 sd 0.00 0.11 0.00 0.02 0.01
2:2 0.020 0.010 4.71 0.000 0.520 * 5:2 ’ 0.010 3.76 0.000 0.030 0.007
• 0.010 4.00 0.000 0.540 * ’ 0.010 3.85 0.000 0.040 0.017
* 0.010 4.06 0.000 0.550 0.007 ■ 0.010 3.73 0.000 0.050 0.017
mean 0.020 0.010 4.26 0.000 0.537 0.007 lean • 0.010 3.78 0.000 0.040 0.013
sd 0.00 0.00 0.32 0.00 0.01 0.00 sd 0.00 0.05 0.00 0.01 0.00
3:1 0.120 0.020 6.21 0.000 0.010 0.017 6:1 ' 0.010 3.71 0.000 0.010 0.007
0.090 0.020 5.45 0.000 0.020 0.017 ' 0.010 3.34 0.000 0.010 0.007
0.110 0.020 5.15 0.000 0.010 0.007 ' 0.010 3.92 0.000 0.020 0.007
lean 0.107 0.020 5.60 0.000 0.013 0.013 lean ' 0.010 3.66 0.000 0.013 0.007
sd 0.01 0.00 0.45 0.00 0.00 0.00 sd 0.00 0.24 0.00 0.00 0.00
3:2 0.010 3.58 0.000 - 0.017 6:2 ' 0.010 3.47 0.000 0.120 0.007
0.010 3.82 0.000 0.020 0.017 ' 0.010 3.46 0.000 0.190 0.007
0.020 4.17 0.000 0.020 0.017 * 0.010 3.38 0.000 0.180 *
lean 0.013 3.86 0.000 0.020 0.017 lean ' 0.010 3.44 0.000 0.163 0.007
sd 0.00 0.24 0.00 0.00 0.00 sd 0.00 0.04 0.00 0.03 0.00
t * * *
4:1 2.51 0.080 13.63 0.030 0.680 0.067
2.53 0.080 14.14 0.030 0.720 0.067
2.63 0.080 14.42 0.030 0.740 0.067
lean 2.56 0.080 14.06 0.030 0.713 0.067
sd 0.05 0.00 0.33 0.00 0.02 0.00
4:2 0.020 0.010 4.62 0.000 0.030 0.007
0.030 0.020 4.56 0.000 0.050 0.017
0.040 0.020 4.66 0.000 0.060 0.017
lean 0.030 0.017 4.61 0.000 0.047 0.013
sd 0.01 0.00 0.04 0.00 0.01 0.00
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Table 5 cont.
Zn Se Cd Hg Pb Zn Se Cd Hg Pb
2:1 2.34 * 0.020 5:1 2.43 ' 0.010 0.010 -
2.44 0.007 0.020 2.60 * 0.010 0.020 0.000
2.23 * 0.020 2.67 ' 0.010 0.020 0.000
mean 2.34 0.007 0.020 lean 2.57 ' 0.010 0.017 0.000
sd 0.09 0.00 0.00 sd 0.10 ' 0.00 0.00 0.00
2:2 2.01 0.010 5:2 2.35 ’ 0.000 0.000 0.000
2.07 0.010 2.55 ' 0.000 0.010 0.010
2.11 0.010 2.61 * 0.000 0.010 0.010
sean 2.06 0.010 lean 2.50 * 0.000 0.007 0.007
sd 0.04 0.00 sd 0.11 * 0.00 0.00 0.00
3:1 2.19 0.020 6:1 2.27 ' 0.010 0.000
2.15 0.020 2.49 * 0.020 0.000
2.08 0.020 2.60 ' 0.020 0.010
lean 2.14 0.020 lean 2.45 ' 0.017 0.003
sd 0.05 0.00 sd 0.14 ' 0.00 0.00
3:2 2.71 0.037 0.020 0.000 6:2 1.87 ' 0.010 -
2.91 0.047 0.020 0.000 2.31 ' 0.010 *
2.99 0.047 0.020 0.000 2.34 ' 0.010 *
lean 2.87 0.043 0.020 0.000 lean 2.17 ' 0.010 m
sd 0.12 0.00 0.00 0.00 sd 0.21 * 0.00
4:1 2.68 0.037 0.000
2.79 0.000
2.77 0.000
lean 2.75 0.037 0.000
sd 0.05 0.00 0.00
4:2 2.75 0.027 0.040 0.010
2.87 0.047 0.040 0.010
2.89 0.037 0.040 0.010
lean 2.84 0.037 0.040 0.010
sd 0.06 0.01 0.00 0.00
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Ha Mg A1 P K Ca
1:1 471 112 986 1012 1104
465 117 941 978 1101
458 116 978 994 1022
mean 465 115 969 995 1076
sd 5.4. 1.9 20 14 38
1:2 407 107 974 1135 1138
410 107 969 1134 977
404 113 937 1182 1212
mean 407 109 960 1151 1109
sd 2.4 2.7 16 22 98
2:1 419 115 902 1055 1064
403 104 925 1035 1064
408 107 871 1029 999
lean 410 109 900 1040 1042
sd 6.9 4.9 22 11 31
2:2 408 111 864 1097 1205
401 106 928 1095 1179
406 111 918 1073 1081
lean 405 109 903 1088 1155
sd 3.1 2.1 28 11 53
3:1 500 115 883 739 1051
473 112 973 709 1144
476 118 956 749 964
lean 483 115 937 733 1053
sd 12 2.4 39 17 73
3:2 462 113 887 1290 1148
447 109 982 1288 967
438 106 968 1214 911
lean 449 109 946 1264 1009
sd 10 3.0 42 35 101
Ha Mg 1--• K Ca
4:1 493 125 945 958 1113
486 125 959 961 1095
472 123 934 937 1087
lean 484 124 946 952 1098
sd 8.8 0.8 10 10 11
4:2 388 104 844 1105 1101
382 103 850 1095 901
374 103 876 1113 978
lean 381 103 857 1104 993
sd 6.1 0.9 14 7.2 82
5:1 401 109 952 932 1068
391 118 1068 856 1182
393 108 986 957 1083
lean 395 111 1002 915 1111
sd 4.2 4.5 49 43 51
5:2 402 106 959 1091 920
406 105 996 1097 1036
398 105 98 1084 1050
lean 402 105 684 1091 1002
sd 3.4 0.5 415 5.4 58
6:1 440 118 953 1252 1081
426 116 987 1240 1072
426 114 989 1247 927
lean 431 116 976 1247 1027
sd 6.8 1.4 17 5.1 71
6:2 433 113 907 1031 1070
420 110 963 1014 1031
419 111 957 1018 990
lean 424 112 943 1021 1030
sd 6.3 1.4 25 7.4 33
Table 6 : Milk Analysis Data for English Regions in Noveober
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Table 6 eont.
Cr Mn Fe Co Ni Cu Cr Mn Fe Co N] Cu
1:1 ' 0.020 0.277 0.000 ' 0.057 4:1 0.020 0.347 0.000 0.047
' 0.020 0.127 0.000 ' 0.047 0.020 0.297 0.000 0.037
' 0.020 * 0.000 ' 0.047 0.020 0.197 0.000 0.037
aean * 0.020 0.202 0.000 ' 0.052 lean 0.020 0.280 0.000 0.040
sd 0.00 0.07 0.00 ' 0.00 sd 0.00 0.06 0.00 0.00
1:2 ' 0.020 0.597 0.000 * 0.037 4:2 0.010 0.017 0.000 0.017
’ 0.020 0.367 0.000 ' Q.027 0.010 * 0.000 0.017
■ 0.020 0.237 0.000 ' 0.027 0.010 0.000 0.017
mean ' 0.020 0.400 0.000 ' 0.030 lean 0.010 0.017 0.000 0.Q17
sd 0.00 0.00 0.00 ' 0.00 sd 0.00 0.00 0.00 0.00
2:1 ' 0.010 0.000 ' 0.027 5:1 0.020 0.000 0.037
' 0.01Q 0.000 ' 0.027 0.010 0.000 0.027
' 0.010 0.000 ' 0.027 0.010 0.000 0.027
lean * 0.010 0.000 ' 0.027 lean 0.013 0.000 0.030
sd 0.00 0.00 ' 0.00 sd 0.00 0.00 0.00
2:2 ■ 0.010 0.017 0.000 ‘ 0.027 5:2 0.010 0.000 0.027
* 0.000 0.000 ■ 0.017 0.010 0.000 0.027
* 0.000 * 0.000 ' 0.017 0.010 0.000 0.027
lean ' Q.003 0.017 0.000 ‘ 0.020 lean 0.010 0.000 0.027
sd 0.00 0.00 0.00 * 0.00 sd 0.00 0.00 0.00
3:1 * 0.010 0.000 ' 0.027 6:1 0.010 0.000 0.017
' 0.010 0.000 ' 0.017 0.010 0.000 0.017
' 0.010 0.000 ' 0.027 0.010 0.000 0.017
lean ' 0.010 0.000 * 0.023 lean 0.010 0.000 0.017
sd 0.00 0.00 ' 0.00 sd 0.00 0.00 0.00
3:2 ' 0.030 0.767 0.000 ' 0.067 6:2 0.187 0.010 0.000 0.017
' Q.020 0.597 0.000 * 0.057 0.147 0.010 0.000 0.027
' 0.020 0.437 0.000 ' 0.047 0.017 0.010 0.000 0.017
lean ' 0.023 0.600 0.000 ' 0.057 lean 0.117 0.010 0.000 0.020
sd 0.00 0.13 0.00 ' 0.01 sd 0.07 0.00 0.00 0.00
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Table 6 cont.
Zn As Se Cd Hg Pb
1:1 3.113 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
3.063 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
2.923 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
lean 3.033 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
sd 0.08 0.00 0.00 0.00 0.00
1:2 2.903 0 . 0 0 0 0 . 0 0 0
2.603 0 . 0 0 0 0 . 0 0 0
2.603 0 . 0 0 0 0 . 0 0 0
lean 2.703 0 . 0 0 0 0 . 0 0 0
sd 0.14 0.00 0.00
2:1 2.593 0 . 0 0 Q 0 . 0 0 0
2.503 0 . 0 0 0 0 . 0 0 0
2.473 0 . 0 0 0 0 . 0 0 0
lean 2.523 0 . 0 0 0 0 . 0 0 0
sd 0.05 0.00 0.00
2:2 2.193 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
2.023 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
1.963 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
lean 2.060 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
sd 0.10 0.00 0.00 0.00
3:1 2.203 0 . 0 0 0 - 0 . 0 0 0
2.183 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
2.243 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
lean 2.210 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
sd 0.02 0.00 0.00 0.00
3:2 3.8Q3 1.550 0.080 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
3.713 0.840 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
3.343 • 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
lean 3.620 1.195 0.040 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
sd 0.20 0.35 0.04 0.00 0.00 0.00
Zn As Se Cd Hg Pb
4:1 3.413 0.960 0.020 0.000 0.000 0.000
3.253 0.330 0.000 0.000 0.000 0.000
3.303 0.060 0.000 0.000 0.000 0.000
lean 3.323 0.450 0.007 0.000 0.000 0.000
sd 0.07 0.38 0.01 0.00 0.00 0.00
4:2 2.883 0.000 0.000 0.000
2.763 0.000 0.000 0.000
2.833 0.000 0.000 0.000
lean 2.827 0.000 0.000 0.Q00
sd 0.05 0.00 0.00 0.00
5:1 3.103 0.850 0.010 0.010 0.000 -
3.033 " 0.000 0.010 0.000 0.000
2.893 * 0.000 Q.010 0.000 0.000
lean 3.010 0.850 0.003 0.010 0.000 0.000
sd 0.09 0.00 0.00 0.00 0.00 0.00
5:2 2.963 0.760 0.000 0.010 0.000
2.973 0.110 0.000 0.010 0.000
2.983 0.090 0.000 0.010 0.000
lean 2.973 0.320 0.000 0.010 0.000
sd 0.01 0.31 0.00 0.00 0.00
6:1 2.973 * 0.000 0.000 0.000
2.863 0.000 0.000 0.000 0.010
3.003 0.000 0.000 0.0Q0 0.000
lean 2.947 0.000 0.000 0.000 0.003
sd 0.06 0.00 0.00 0.00 0.00
6:2 2.623 0.670 0.030 0.000 0.000 -
2.643 0.310 0.000 0.000 0.000 0.000
2.273 * 0.000 0.000 0.000 *
lean 2.513 0.490 0.010 0.000 0.000 0.000
sd 0.17 0.27 0.01 0.00 0.00 0.00
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Na Mg A1 P K Ca Na Mg A1 P K Ca
1:1 212 88 0.203 912 940 791 4:1 235 81 0.116 846 1050 785
239 89 0.234 920 1187 790 227 82 0.139 815 1002 812
247 90 0.251 944 1208 855 248 82 0.159 830 1012 874
lean 233 89 0.230 926 1112 812 nean 237 81 0.138 830 1021 824
sd 15 0.7 0.02 13 121 30 sd 8 0.5 0.02 13 21 37
1:2 235 84 0.238 887 1225 810 4:2 307 89 0.088 919 1416 1083
230 86 0.228 890 1195 783 316 90 0.123 935 1507 1125
231 88 0.228 897 1155 847 348 89 0.124 937 1563 1285
mean 232 86 0.232 891 1192 814 lean 324 89 0.111 930 1495 1164
sd 2.1 1.7 0.00 3.8 29 26 sd 17 0.6 0.02 7.9 60 87
2:1 267 101 0.275 1014 1114 1082 5:1 290 86 0.177 846 1232 1451
267 102 0.345 997 1236 1070 298 84 0.182 858 1242 1373
280 100 0.345 986 1326 1084 303 86 0.221 872 1326 1412
lean 271 101 0.322 999 1225 1079 lean 297 85 0.193 859 1267 1412
sd 5.9 0.86 0.03 12 87 6.4 sd 5.5 1.0 0.02 10 42 32
2:2 212 78 0.234 803 1088 952 5:2 311 94 0.248 967 1301 1582
237 78 0.303 808 1173 958 308 93 0.247 1001 1449 1586
226 81 0.317 809 1157 960 316 96 0.302 966 1391 1572
lean 225 79 0.285 807 1139 957 lean 312 94 0.265 978 1380 1580
sd 10.2 1.2 0.04 2.3 37 3.1 sd 3.2 1.5 0.03 16 61 5.8
3:1 257 92 0.480 899 1409 1123
250 93 0.529 897 1197 1091
251 92 0.564 911 1242 1101
lean 252 92 0.525 903 1283 1105
sd 3.1 0.2 0.03 6.2 91 13
3:2 271 94 0.129 950 1381 1127
317 97 0.169 1014 1617 1495
271 93 0.228 909 1536 1175
lean 286 95 0.176 958 1511 1266
sd 22 1.7 0.04 43 98 164
Table 7 : Milk Analysis Data for Scottish Regions in February
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Table 7 cont.
Cr Mn Fe Co Ni Cu Cr Mn Fe Co Hi Cu
1:1 0.073 0.020 0.708 0.000 0.060 0.011 4:1 0.072 0.066 0.453 0.012 0.135 0.051
0.056 0.017 0.708 0.090 0.015 0.061 0.078 0.419 0.014 0.197 0.076
0.044 0.014 0.631 0 0.099 0.007 0.062 0.077 0.439 0.013 0.222 0.100
lean 0.058 0.017 0.682 0.000 0.083 0.011 lean 0.065 0.074 0.437 0.013 0.185 0.076
sd 0.01 0.00 0.04 0.00 0.02 0.00 sd 0.00 0.01 0.01 0.00 0.04 0.02
1:2 0.052 0.014 0.700 0.007 0.064 0.019 4:2 0.076 0.065 0.406 0.003 0.141 0.067
0.044 0.015 0.621 0 0.083 0.014 0.072 0.072 0.407 0.009 0.203 0.075
0.051 0.015 0.593 0 0.096 0.016 0.074 0.073 0.410 0.009 0.205 0.076
lean 0.049 0.015 0.638 0.007 0.081 0.016 lean 0.074 0.070 0.407 0.007 0.183 0.073
sd 0.00 0.00 0.05 0.00 0.01 0.00 sd 0.00 0.00 0.00 0.00 0.03 0.00
2:1 0.056 0.015 0.625 0.005 0.062 0.017 5:1 0.055 0.082 0.507 0.013 0.207 0.104
0.050 0.017 0.679 0.008 0.058 0.025 0.034 0.083 0.466 0.004 0.219 0.120
0.055 0.020 0.650 0.006 0.068 0.025 0.023 0.084 0.447 0.006 0.250 0.127
lean 0.054 0.018 0.651 0.006 0.063 0.022 lean 0.038 0.083 0.473 0.007 0.225 0.117
sd 0.00 0.00 0.02 0.00 0.00 0.00 sd 0.01 0.00 0.03 0.00 0.02 0.01
2:2 0.054 0.016 0.698 0.000 0.070 0.007 5:2 0.048 0.071 0.530 0.013 0.176 0.115
0.065 0.016 0.701 0.001 0.083 0.008 0.034 0.077 0.520 0.016 0.230 0.135
0.060 0.014 0.675 0.002 0.087 0.010 0.035 0.080 0.540 0.016 0.286 0.130
lean 0.060 0.016 0.691 0.001 0.080 0.008 lean 0.039 0.076 0.530 0.015 0.231 0.127
sd 0.00 0.00 0.01 0.00 0.01 0.00 sd 0.01 0.00 0.01 0.00 0.04 0.01
3:1 0.072 0.018 0.681 0.002 0.064 0.043
0.072 0.019 0.697 0.004 0.101 0.047
0.057 0.020 0.678 0.003 0.108 0.045
lean 0.067 0.019 0.685 0.003 0.091 0.045
sd 0.01 0.00 0.01 0.00 0.02 0.00
3:2 0.063 0.016 0.670 0.052 0.019
0.064 0.019 0.728 0.079 0.034
0.055 0.015 0.690 0.079 0.031
lean 0.061 0.017 0.696 0.070 0.028
sd 0.00 0.00 0.02 0.01 0.01
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Table 7 cont.
Zn Se Cd Hg Pb Zn Se Cd Hg Pb
1:1 1.24 0.000 0.015 4:1 1.21 0.000 0.020 0.015 0.073
1.33 0.000 0.014 1.30 0.000 0.014 0.000 0.083
1.31 0.000 0.014 1.45 0.000 0.012 0.000 0.091
lean 1.29 0.000 0.014 lean 1.32 0.000 0.015 0.005 0.082
sd 0.04 0.00 0.00 sd 0.10 0.00 0.00 0.01 0.01
1:2 1.34 0.000 0.003 4:2 1.46 0.000 0.010 0.000 0.059
1.39 0.000 * 1.66 0.000 0.010 0.000 0.061
1.46 0.000 * 1.72 0.000 0.010 0.000 0.061
lean 1.40 0.000 0.003 lean 1.61 0.000 0.010 0.000 0.060
sd 0.05 0.00 0.00 sd 0.11 0.00 0.00 0.00 0.00
2:1 1.57 0.000 0.001 0.016 5:1 2.39 0.000 0.008 0.000 0.079
1.75 0.000 0.002 0.025 2.54 0.000 0.002 0.000 0.067
1.81 0.000 0.001 0.024 2.51 0.000 * 0.000 0.069
lean 1.71 0.000 0.001 0.021 lean 2.48 0.000 0.005 0.000 0.072
sd 0.10 0.00 0.00 0.00 sd 0.07 0.00 0.00 0.00 0.01
2:2 1.54 0.000 5:2 2.39 0.000 0.002 0.000 0.082
1.58 0.000 2.64 0.000 0.001 0.000 0.091
1.64 0.000 2.67 0.000 0.008 0.000 0.094
lean 1.58 0.000 lean 2.57 0.000 0.003 0.000 0.089
sd 0.04 0.00 sd 0.13 0.00 0.00 0.00 0.01
3:1 1.61 0.000 0.006
1.64 0.000 0.006
1.69 0.000 0.004
lean 1.64 0.000 0.005
sd 0.03 0.00 0.00
3:2 1.60 0.000 0.002
1.75 0.000
1.75 0.000 *
lean 1.70 0.000 0.002
sd 0.07 0.00 0.00
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Mg A1 P K Ca Mg
*—
I
•<*5 P I Ca
1:1 77 800 1266 1167 4:1 74 0.049 892 1197 751
79 850 1303 1127 77 * 929 1272 671
76 811 1293 1199 86 992 1256 1243
mean 78 821 1288 1164 lean 79 0.049 938 1242 889
sd 1.3 22 16 30 sd 5.1 0.02 41 32 253
1:2 72 898 1358 1136 4:2 79 918 1314 811
70 973 1351 1037 78 872 1247 759
75 941 1386 1076 78 907 1280 892
mean 73 938 1365 1083 lean 78 899 1280 820
sd 2.1 30.7 15.4 40.9 sd 0.3 20 27 55
2:1 79 897 1357 1059 5:1 67 780 1124 594
71 823 1273 952 76 859 1213 692
70 892 1232 913 71 823 1206 747
lean 73 871 1287 975 lean 71 821 1181 677
sd 3.9 34 52 62 sd 3.6 32 40 63
2:2 71 944 1334 1087 5:2 84 938 1334 932
82 1114 1476 2064 98 1036 1395 973
72 864 1370 1119 86 930 1315 800
lean 75 974 1393 1423 lean 89 968 1348 902
sd 4.7 104 60 453 sd 6.1 48 34 74
3:1 68 858 1287 1312
70 797 1222 1312
72 867 1371 1271
lean 70 841 1293 1299
sd 1.6 31 61 19
3:2 79 924 1304 1271
83 994 1332 1454
82 890 1309 1449
lean 82 936 1315 1392
sd 1.9 44 12 85
Table 8 : Milk Analysis Data for Scottish Regions in April
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Table 8 eont.
Cr Hn Fe Co Hi Cu Cr Hn Fe Co Hi
1:1 0.049 *0.291 4:1 0.021 0.011 0.003
0.024 0.093 * * 0.000
0.016 0.000 * 0.000
lean 0.030 0.093 lean 0.021 0.011 0.000
sd 0.01 0.00 sd 0.00 0.00 0.00
1:2 * 0.001 0.971 0.003 0.015 4:2 0.069 0.009 0.525 0.023« * 0.417 0.001 0.018 0.005 0.001 0.010 0.011
m » 0.439 0.002 * * * 0.008
lean ' 0.001 0.609 0.002 0.016 lean 0.037 0.005 0.267 0.014
sd 0.00 0.26 0.00 0.00 sd 0.03
ft
0.00 0.26 0.01
2:1 5:1 0.351 0.195 1.58 0.006 0.040
0.044 0.122 0.329 0.003 0.000
* 0.076 *
lean lean 0.197 0.131 0.953 0.004 0.020
sd sd 0.15 0.13 0.62 0.00 0.02
2:2 1.50 0.001 5:2 0.002 0.010 1.60 0.001
0.814 0.000 0.217
lean 1.16 0.000 lean 0.002 0.010 0.910 0.001
sd 0.35 0.00 sd 0.00 0.00 0.69 0.00
3:1
lean
sd
3:2
lean
sd
340
Table 8 cont.
Zn Se Cd Hg Pb Zn Se Cd Hg Pb
1:1 1.87 - 0.008 0.013 4:1 2.36 0.009 0.001 0.001 0.021
0.985 0.000 0.000 0.006 1.24 0.015 0.000 0.001 0.016
0.597 0.001 0.003 0.007 0.879 0.009 0.013
mean 1.15 0.001 0.004 0.008 lean 1.49 0.011 0.001 0.001 0.017
sd 0.53 0.00 0.00 0.00 sd 0.63 0.00 0.00 0.00 0.00
1:2 1.94 0.017 * 0.000 4:2 1.97 0.009 0.018
1.47 0.007 * 0.001 1.21 0.037 0.019
1.47 * * 0.001 0.916 0.009 0.011
lean 1.63 0.012 0.000 lean 1.37 0.019 0.016
sd 0.23 0.00 0.00 sd 0.44 0.01 0.00
2:1 0.551 0.026 0.041 0.000 5:1 2.74 0.005 0.003
0.493 * 0.049 0.001 1.73 0.001 0.000
0.239 * 0.025 * 1.32
lean 0.428 0.026 0.038 0.001 lean 1.93 0.003 0.002
sd 0.14 0.00 0.01 0.00 sd 0.59 0.00 0.00
2:2 1.63 0.033 0.003 0.001 0.003 5:2 1.92 - 0.001
1.30 * 0.001 * 0.003 1.03 a 0.001 0.000
0.648 * * 0.002 0.787 M * 0.002
lean 1.19 0.033 0.002 0.001 0.002 lean 1.25 * 0.001 0.001
sd 0.41 0.00 0.00 0.00 0.00 sd 0.49 0.00 0.00
3:1 1.08 0.000 0.008
0.589 0.002 0.006
0.331 0.000 0.000
lean 0.668 0.001 0.004
sd 0.31 0.00 0.00
3:2 0.848 0.006 0.002 0.013
0.379 * 0.003 0.007
0.146 * 0.002 0.007
lean 0.458 0.006 0.002 0.009
sd 0.29 0.00 0.00 0.00
3 a
Na Mg A1 P K Ca Na Mg A1 P K Ca
1:1 75 0.357 723 1368 1570 4:1 325 71 0.248 757 1221 1279
75 0.396 825 1412 1590 375 82 0.246 944 1371 1454
76 0.396 874 1402 1656 370 82 0.249 907 1376 1382
nean 75 0.383 808 1394 1606 mean 356 78 0.248 869 1323 1372
sd 0.7 0.02 63 19 37 sd 22 5.0 0.00 81 72 72
1:2 c 78 0.379 895 1390 1731 4:2 424 89 0.289 967 1436 1478
0 74 0.427 710 1338 1609 431 89 0.307 1122 1446 1457
n 81 0.424 867 1455 1718 407 86 0.294 968 1412 1494
mean t 78 0.410 824 1394 1686 mean 421 88 0.297 1019 1431 1476
sd a 3.1 0.02 81 48 55 sd 10 1.6 0.01 73 14 15
2:1
m
i 77 0.371 727 1372 1475 5:1 407 78 0.423 936 1327 1339
n 88 0.404 828 1462 1723 396 79 0.427 872 1310 1334
a 82 0.405 762 1424 1673 412 81 0.433 925 1334 1399
mean t 82 0.393 772 1420 1624 mean 405 79 0.428 911 1324 1357
sd i 4.7 0.02 42 37 107 sd 6.8 1.0 0.00 28 10 30
2:2
0
n 79 0.617 646 1329 1420 5:2 438 85 0.338 957 1405 1443
91 0.616 921 1447 1570 317 69 0.359 747 1182 1142
p 94 0.581 833 1501 1637 367 70 0.363 828 1263 1239
mean r 88 0.605 800 1426 1542 mean 374 75 0.353 844 1283 1274
s 0 6.3 0.02 115 72 91 sd 50 7.4 0.01 87 92 125
3:1
D
l 82 0.479 891 1424 1713
e 85 0.480 983 1512 1766
m 86 0.499 1012 1504 1868
mean s 84 0.486 962 1480 1782
sd 1.7 0.01 52 40 64
3:2 95 0.659 1197 1551 1884
88 0.687 931 1422 1610
87 0.687 938 1460 1726
mean 90 0.678 1022 1478 1740
sd 3.9 0.01 124 54 112
Table 9 : Milk Analysis Data for Scottish Regions in June
34-2
Table 9 cont.
Cr Hn Fe Co Ni Cu Cr Hn Fe Co Ni Cu
1:1 0.023 1.98 0.004 0.043 0.050 4:1 * 0.016 2.27 0.008 0.090 0.066
0.019 1.89 0.005 0.051 0.040 ' 0.012 1.97 0.008 0.092 0.072
0.015 1.86 0.004 0.040 0.030 * 0.009 1.84 0.007 0.076 0.071
mean 0.019 1.91 0.004 0.045 0.040 laen * 0.013 2.03 0.008 0.086 0.070
sd 0.00 0.05 0.00 0.00 0.01 sd 0.00 0.18 0.00 0.01 0.00
1:2 0.009 1.38 0.003 0.018 4:2 * 0.011 1.78 0.007 0.083 0.021
0.009 1.38 0.003 0.018 ' 0.009 1.61 0.007 0.075 0.033
0.006 1.23 0.002 0.012 * 0.006 1.47 * 0.079 0.028
mean 0.008 1.33 0.002 0.016 mean ’ 0.009 1.62 0.007 0.079 0.028
sd 0.00 0.07 0.00 0.00 sd 0.00 0.13 0.00 0.00 0.00
2:1 0.001 0.010 1.56 0.005 0.031 0.002 5:1 ' 0.011 1.96 0.008 0.084
0.001 0.005 1.28 0.004 0.031 M ' 0.016 1.92 0.008 0.085
0.010 0.005 1.32 0.002 0.030 M ' 0.012 1.96 0.007 0.084
lean 0.004 0.007 1.39 0.003 0.031 0.002 lean * 0.013 1.95 0.008 0.085
sd 0.00 0.00 0.12 0.00 0.00 0.00 sd 0.00 0.02 0.00 0.00
2:2 0.065 0.020 2.20 0.005 0.032 5:2 ' 0.008 2.09 0.007 0.098
0.058 0.012 2.02 0.004 0.026 ' 0.014 2.07 0.008 0.089
0.030 0.014 1.78 0.003 0.021 * 0.010 2.05 0.005 0.059
lean 0.051 0.016 2.00 0.004 0.026 lean ' 0.011 2.07 0.007 0.082
sd 0.02 0.00 0.17 0.00 0.00 sd 0.00 0.01 0.00 0.02
3:1 0.080 0.030 3.58 0.007 0.075 0.002
0.062 0.032 3.36 0.007 0.065 *
0.065 0.027 3.33 0.007 0.059 *
lean 0.069 0.030 3.42 0.007 0.066 0.002
sd 0.01 0.00 0.11 0.00 0.01 0.00
3:2 0.065 0.012 1.36 0.004 0.039
0.039 0.007 1.22 0.004 0.033
0.044 0.008 1.20 0.003 0.025
lean 0.049 0.009 1.26 0.003 0.032
sd 0.01 0.00 0.07 0.00 0.01
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Table 9 cont.
Zn Se Cd Hg Pb Zn Se Cd Hg
1:1 0.977 0.000 0.002 ' 0.001 ■ 4:1 2.33 0.033 0.064 0.003
0.988 0.000 0.001 * * 2.11 0.038 0.062 0.000
1.00 0.000 0.003 * m 1.82 0.035 0.057 *
mean 0.990 0.000 0.002 * 0.001 mean 2.08 0.035 0.061 0.002
sd 0.01 0.00 0.00 ' 0.00 sd 0.21 0.00 0.00 0.00
1:2 1.36 0.016 0.067 ’ 4:2 1.44 0.011
1.36 0.000 0.068 * 1.33 0.018
1.46 0.000 0.072 * 1.06 0.006
mean 1.40 0.005 0.069 ' mean 1.27 0.012
sd 0.05 0.01 0.00 * sd 0.16 0.00
2:1 1.78 0.000 0.003 ' 5:1 1.13 0.020 0.047
1.66 0.000 0.002 * 1.19 0.011 0.045
1.78 0.000 0.003 ' 1.25 0.019 0.046
mean 1.74 0.000 0.002 * mean 1.19 0.017 0.046
sd 0.06 0.00 0.00 * sd 0.05 0.00 0.00
2:2 3.13 0.000 0.001 * 5:2 1.58 0.017 0.065
2.85 0.012 0.003 ' 1.68 0.028 0.055 0.002
2.87 0.000 0.005 ' 1.77 0.028 0.022
mean 2.95 0.004 0.003 ’ mean 1.67 0.024 0.047 0.002
sd 0.13 0.01 0.00 * sd 0.08 0.01 0.02 0.00
3:1 3.15 0.000 0.010 '
2.92 0.012 0.010 ■
2.72 0.000 0.011 '
mean 2.93 0.004 0.010 *
sd 0.18 0.01 0.00 '
3:2 3.24 0.000 0.005 *
3.02 0.000 0.007 '
3.13 0.000 0.004 *
mean 3.13 0.000 0.005 '
sd 0.09 0.00 0.00 '
Pb
3U
Na Mg A1 P I Ca Na Mg A1 P K
1:1 424 99 777 1020 1003 4:1 277 79 0.087 683 899
399 95 719 980 998 255 72 0.187 617 814
418 97 743 997 928 247 72 0.207 600 777
lean 414 97 746 999 976 mean 260 74 0.160 633 830
sd 11 1.3 24 17 34 sd 12 3.4 0.05 36 51
1:2 275 84 717 990 916 4:2 278 75 0.107 602 817
277 85 703 963 864 281 71 0.167 591 796
269 80 712 946 814 273 70 0.157 549 749
lean 274 83 711 966 864 lean 277 72 0.143 581 787
sd 3.3 1.9 6.0 18 42 sd 3.2 2.0 0.03 23 29
2:1 283 92 • 778 1040 930 5:1 246 74 0.417 612 787
283 89 0.007 741 999 944 218 68 0.437 559 729
285 89 0.017 748 989 898 237 69 0.427 580 753
lean 284 90 0.012 756 1009 924 lean 234 71 0.427 584 757
sd 1.1 1.5 0.00 16 22 19 sd 12 2.7 0.01 22 24
2:2 270 88 757 998 1004 5:2 304 75 0.797 60Q 791
258 84 725 932 790 296 72 0.897 597 767
242 80 713 962 850 287 70 0.907 577 755
lean 257 84 732 964 881 lean 296 72 0.867 592 771
sd 11 3.2 18 27 90 sd 7.1 1.9 0.05 10 15
3:1 301 84 713 919 828
292 82 696 919 801
288 81 684 913 813
lean 294 82 698 917 814
sd 5.5 1.3 12 3.0 11
3:2 328 81 711 938 796
312 79 695 934 837
310 80 698 939 818
lean 317 80 701 937 817
sd 7.8 0.9 6.9 2.2 17
Table 10 : Kilk Analysis Data for Scottish Regions in August
Ca
877
844
806
842
29
806
791
825
807
14
725
926
719
790
96
788
734
725
749
27
34-5
Table 10 cont.
Cr Hn Fe Co Ni Cu Cr Hn Fe Co Ni
ft
Cu
1:1 0.043 0.010 2.18 0.000 0.000 0.350 4:1 0.533 0.040 8.14 0.010 0.310 0.050
0.053 0.010 1.93 0.000 0.010 0.360 0.573 0.050 9.28 0.010 0.370 0.060
0.033 0.010 1.71 0.000 0.010 0.340 0.623 0.050 9.18 0.010 0.380 0.060
lean 0.043 0.010 1.94 0.000 0.007 0.350 lean 0.577 0.047 8.86 0.010 0.353 0.057
sd 0.01
ft
0.00 0.19 0.00 0.00
ft
0.01 sd 0.04 0.00 0.52 0.00 0.03 0.00
1:2 0.183 0.020 4.12 0.000 0.360 0.050 4:2 0.683 0.050 10.3 0.010 0.060 0.060
0.233 0.030 4.63 0.000 0.460 0.050 0.693 0.050 9.25 0.010 0.070 0.060
0.163 0.030 4.29 0.000 0.430 0.060 0.653 0.050 9.52 0.010 0.060 0.050
lean 0.193 0.027 4.34 0.000 0.417 0.053 lean 0.677 0.050 9.69 0.010 0.063 0.057
sd 0.03 0.00 0.21 0.00 0.04 0.00 sd 0.02 0.00 0.45 0.00 0.00 0.00
2:1 0.263 0.040 5.17 0.000 0.050 0.040 5:1 0.523 0.040 7.79 0.010 0.040 0.040
0.253 0.050 4.27 0.000 0.060 0.040 0.483 0.040 8.31 0.010 0.050 0.040
0.233 0.040 4.11 0.000 0.050 0.040 0.463 0.040 8.25 0.010 0.050 0.040
lean 0.250 0.043 4.51 0.000 0.053 0.040 lean 0.490 0.040 8.11 0.010 0.047 0.040
sd 0.01 0.00 0.47 0.00 0.00
ft
0.00 sd 0.02 0.00 0.23 0.00 0.00 0.00
2:2 0.253 0.030 5.29 0.000 0.190 0.040 5:2 0.383 0.030 6.32 0.010 0.050 0.030
0.243 0.030 4.73 0.010 0.200 0.040 0.343 0.040 6.25 0.000 0.060 0.030
0.203 0.030 4.00 0.010 0.200 0.040 0.363 0.040 5.85 0.010 0.060 0.030
lean 0.233 0.030 4.67 0.007 0.197 0.040 lean 0.363 0.037 6.14 0.007 0.057 0.030
sd 0.02 0.00 0.53
ft
0.00 0.00
ft
0.00 sd 0.02 0.00 0.21 0.00 0.00 0.00
3:1 0.303 0.020 0.687 0.000 0.400 0.030
0.303 0.020 0.557 0.000 0.410 0.030
0.293 0.030 0.497 0.000 0.380 0.030
lean 0.300 0.023 0.580 0.000 0.397 0.030
sd 0.00 0.00 0.08 0.00 0.01 0.00
3:2 0.233 0.020 4.38 0.000 0.020 0.030
0.193 0.020 4.61 0.000 0.030 0.030
0.223 0.020 4.29 0.000 0.030 0.030
lean 0.217 0.020 4.42 0.000 0.027 0.030
sd 0.02 0.00 0.13 0.00 0.00 0.00
34-6
Table 10 cont.
Zn Se Cd Hg Pb Zn Se Cd Hg Pb
1:1 2.08 0.003 4:1 3.42 0.193 0.000 ' 0.000
2.31 * 4.06 0.173 0.000 * 0.000
2.12 - 3.84 0.193 0.000 ‘ 0.000
lean 2.17 0.003 lean 3.77 0.187 0.000 ’ 0.000
sd 0.10 0.00 sd 0.27 0.01 0.00 0.00
1:2 2.29 0.033 0.003 0.000 4:2 3.98 0.193 * 0.000
2.53 0.023 0.003 0.000 3.88 0.113 * 0.000
2.53 * 0.003 0.000 3.80 0.083 * 0.000
lean 2.45 0.028 0.003 0.000 lean 3.88 0.130 ' 0.000
sd 0.11 0.00 0.00 0.00 sd 0.07 0.05 0.00
2:1 2.90 0.053 0.000 0.000 5:1 3.37 0.143 ' 0.000
3.18 0.003 0.000 0.000 3.49 0.083 ‘ 0.000
3.12 0.003 0.000 0.000 3.38 0.073 * 0.000
lean 3.06 0.020 0.000 0.000 lean 3.41 0.100 - 0.000
sd 0.12 0.02 0.00 0.00 sd 0.05 0.03 0.00
2:2 3.01 0.033 0.000 5:2 2.77 0.073 ■ 0.000
3.06 * 0.000 2.99 0.053 ' 0.000
2.92 ■ * 2.89 0.013 ' 0.000
lean 2.99 0.033 0.000 lean 2.88 0.047 ’ 0.000
sd 0.06 0.00 0.00 sd 0.09 0.02 0.00
3:1 2.76 0.003
2.66 *
2.62 *
lean 2.68 0.003
sd 0.06 0.00
3:2 2.61
2.55
2.61
lean 2.59
sd 0.03
34-7
Na Mg A1 P K Ca Na Mg A1 P K Ca
1:1 586 60 0.095 425 1107 1424 4:1 474 123 0.175 1034 1112 1008
555 57 0.095 444 1014 1276 456 131 0.165 1006 1087 972
534 53 0.095 367 915 1244 443 118 0.185 954 1059 931
aean 558 57 0.095 412 1012 1315 lean 458 124 0.175 998 1086 970
sd 21 3.0 0.00 33 78 78 sd 13 5.6 0.01 33 22 32
1:2 480 58 0.145 409 1265 1156 4:2 443 133 0.125 970 1050 903
450 53 0.165 420 1108 962 420 113 0.165 933 1006 889
438 49 0.155 395 1138 798 413 123 0.175 858 994 785
lean 456 53 0.155 408 1170 972 lean 425 123 0.155 921 1016 859
sd 18 3.7 0.01 10 68 146 sd 13 8.1 0.02 47 24 53
2:1 455 53 0.145 479 1184 1581 5:1 428 133 0.185 944 1228 939
448 58 0.155 468 1010 1534 422 117 0.205 911 1167 866
432 51 0.145 425 1045 1266 427 126 0.215 927 1148 850
lean 445 54 0.148 457 1080 1461 lean 426 125 0.202 927 1181 885
sd 10 3.2 0.00 23 75 139 sd 2.6 6.3 0.01 14 34 39
2:2 452 59 0.075 489 1266 1095 5:2 472 135 0.145 945 1083 932
418 51 0.095 474 1153 772 448 117 0.195 883 1106 861
407 48 0.085 436 1117 846 456 122 0.205 870 1030 884
lean 426 53 0.085 466 1179 905 lean 458 125 0.182 899 1073 892
sd 19 4.4 0.01 23 64 138 sd 9.8 7.8 0.03 33 32 30
3:1 400 120 0.155 1016 1326 1023
379 117 0.205 888 1263 1177
369 124 0.225 947 1200 845
lean 383 120 0.195 951 1263 1015
sd 13 2.7 0.03 52 52 136
3:2 554 170 0.245 1339 1552 1864
422 118 0.275 1000 1284 984
426 115 0.295 955 1263 950
lean 467 135 0.272 1098 1366 1266
sd 61 25 0.02 172 132 423
Table 11 : Hilk Analysis Data for Scottish Regions in October
34-8
Table 11 cont.
Cr Mn Fe Co Ni Cu Cr Mn Fe Co Ni Cu
ft
1:1 0.080 0.030 4.77 0.000 - 0.070 4:1 0.190 0.030 6.04 0.010 0.070 5.560
0.060 0.030 4.41 0.000 0.030 0.070 0.240 0.030 6.03 0.010 0.100 5.590
0.040 0.030 4.16 0.000 0.020 0.070 0.230 0.030 6.09 0.010 0.120 5.740
lean 0.060 0.030 4.45 0.000 0.025 0.070 lean 0.220 0.030 6.06 0.010 0.097 5.630
sd 0.02 0.00 0.25 0.00 0.00 0.00 sd 0.02 0.00 0.03 0.00 0.02 0.08
1:2 0.050 0.030 5.15 0.000 0.100 0.080 4:2 0.230 0.030 5.22 0.010 0.110 0.060
0.050 0.030 4.89 0.000 0.130 0.080 0.170 0.030 4.99 0.010 0.130 0.090
0.010 0.030 4.50 0.000 0.120 0.070 0.160 0.030 4.93 0.010 0.150 0.080
lean 0.037 0.030 4.85 0.000 0.117 0.077 lean 0.187 0.030 5.05 0.010 0.130 0.077
sd 0.02 0.00 0.27 0.00 0.01 0.00 sd 0.03 0.00 0.12 0.00 0.02 0.01
2:1 0.090 0.020 4.50 0.000 0.050 5:1 0.190 0.030 5.76 0.010 0.050 0.080
0.060 0.010 3.90 0.000 0.050 0.120 0.030 5.59 0.000 0.070 0.090
0.040 0.020 3.79 0.000 0.050 0.180 0.040 5.30 0.010 0.080 0.090
lean 0.063 0.017 4.07 0.000 0.050 lean 0.163 0.033 5.55 0.007 0.067 0.087
sd 0.02 0.00 0.31 0.00
ft
0.00 sd 0.03 0.00 0.19 0.00 0.01 0.00
2:2 0.150 0.020 4.43 0.000 0.250 0.040 5:2 0.210 0.030 6.54 0.010 0.170 0.090
0.140 0.020 3.84 0.000 0.270 0.040 0.150 0.030 6.39 0.010 0.190 0.100
0.130 0.020 4.05 0.000 0.270 0.040 0.110 0.030 6.19 0.010 0.190 0.120
lean 0.140 0.020 4.11 0.000 0.263 0.040 lean 0.157 0.030 6.38 0.010 0.183 0.103
sd 0.01 0.00 0.24 0.00 0.01 0.00 sd 0.04 0.00 0.14 0.00 0.01 0.01
3:1 0.250 0.020 7.03 0.010 0.050 0.080
0.300 0.030 7.49 0.010 0.070 0.090
0.330 0.030 7.74 0.010 0.070 0.100
lean 0.293 0.027 7.42 0.010 0.063 0.090
sd 0.03 0.00 0.29 0.00 0.01 0.01
3:2 0.310 0.030 8.10 0.010 0.010 0.080
0.330 0.040 7.73 0.010 0.020 0.080
0.300 0.030 8.00 0.010 0.050 0.080
lean 0.313 0.033 7.95 0.010 0.027 0.080
sd 0.01 0.00 0.16 0.00 0.02 0.00
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Table 11 cont.
Zn Se Cd Hg Pb Zn Se Cd Hg Pb
1:1 2.91 0.000 0.000 0.010 4:1 6.72 0.110 0.030 0.000 0.010
2.96 0.000 0.000 0.010 6.70 0.030 0.030 0.000 0.010
2.90 0.000 0.000 0.010 6.71 0.060 0.030 0.000 0.010
mean 2.93 0.000 0.000 0.010 mean 6.71 0.067 0.030 0.000 0.010
sd 0.03 0.00 0.00 0.00 sd 0.01 0.03 0.00 0.00 0.00
1:2 2.94 0.000 0.000 0.010 4:2 3.34 0.070 0.010 0.010
3.01 0.000 0.000 0.020 3.60 0.040 0.010 0.010
2.84 0.000 0.000 0.020 3.68 * 0.010 0.010
lean 2.93 0.000 0.000 0.017 lean 3.54 0.055 0.010 0.010
sd 0.07 0.00 0.00 0.00 sd 0.15 0.01 0.00 0.00
2:1 2.59 0.000 0.000 0.000 5:1 . 3.40 0.070 0.000 0.000
2.63 0.000 0.000 0.000 3.88 0.050 0.000 0.010
2.52 0.000 0.000 0.000 3.75 0.020 0.000 0.010
lean 2.58 0.000 0.000 0.000 lean 3.68 0.047 0.000 0.007
sd 0.04 0.00 0.00 0.00 sd 0.00 0.00 0.00 0.00
2:2 2.58 0.000 0.000 0.020 5:2 3.34 0.030 0.000 0.000
2.63 0.000 0.000 0.020 3.72 0.020 0.000 0.010
2.63 0.000 0.000 0.020 3.74 * 0.000 0.010
lean 2.61 0.000 0.000 0.020 lean 3.60 0.025 0.000 0.007
sd 0.02 0.00 0.00 0.00 sd 0.00 0.00 0.00 0.00
3:1 3.72 0.110 0.000 0.000 0.010
3.94 0.140 0.000 0.000 0.010
4.27 0.130 0.010 0.000 0.010
lean 3.98 0.127 0.003 0.000 0.010
sd 0.23 0.01 0.00 0.00 0.00
3:2 3.95 0.120 0.020 0.000 0.010
4.02 0.100 0.020 0.000 0.010
4.29 0.110 0.020 0.000 0.010
lean 4.09 0.110 0.020 0.000 0.010
sd 0.15 0.01 0.00 0.00 0.00
350
Na Mg A1 P K Ca Na Mg A1 P K Ca
1:1 746 119 - 1059 1317 1081 4:1 940 114 0.373 1048 1368 1168
766 121 * 954 1370 1105 921 112 0.453 1034 1377 1223
726 115 * 1078 1346 1101 956 114 0.553 1049 1367 1255
mean 746 119 1030 1344 1096 mean 939 113 0.460 1044 1371 1215
sd 16 2.4 55 22 10 sd 14 1.1 0.07 6.9 4.3 36
1:2 964 122 - 984 1318 924 4:2 541 82 0.213 777 1050 984
954 128 * 1031 1253 1067 517 76 0.183 771 1019 911
964 128 0.033 997 1214 980 65 0.213 689 773 1239
mean 961 126 0.033 1004 1261 990 mean 529 74 0.203 745 947 1045
sd 4.7 3.0 0.00 20 43 59 sd 12 7.4 0.01 40 124 140
2:1 722 115 * 973 1238 964 5:1 453 67 0.213 670 926 794
724 112 0.043 964 1250 930 430 63 0.183 632 738 974
716 115 * 986 1247 942 465 65 0.213 645 793 755
mean 721 114 0.043 974 1245 945 mean 449 65 0.203 649 819 841
sd 3.4 1.3 0.00 9.2 5.5 14 sd 15 1.6 0.01 16 79 95
2:2 820 119 963 1253 951 5:2 435 70 1.44 657 948 715
819 119 957 1234 947 408 55 1.48 595 785 782
801 116 953 1195 977 401 64 1.39 589 788 703
mean 813 118 958 1227 958 mean 415 63 1.44 614 840 733
sd 8.7 1.3 4.1 24 13 sd 15 6.1 0.04 31 76 34
3:1 781 92 0.213 993 1347 1259
795 104 0.133 993 1343 1166
782 104 0.193 1000 1341 1166
mean 786 100 0.180 995 1344 1197
sd 6.4 5.4 0.03 3.1 2.4 44
3:2 490 98 0.103 1005 1354 1180
478 97 0.193 1004 1358 1110
474 98 0.223 1021 1391 1145
mean 481 98 0.173 1010 1367 1145
sd 6.8 0.7 0.05 7.7 16 29
Table 12 : Milk Analysis Data for Scottish Regions in December
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Table 12 cont.
Cr Hn Fe Co Ni Cu Cr Hn Fe Co Ni Cu
1:1 0.003 0.020 3.73 0.000 - 4:1 0.543 0.070 16.1 0.010 0.083 0.020
0.033 0.020 4.83 0.000 0.013 0.533 0.070 16.1 0.010 0.103 0.020
0.093 0.030 4.87 0.000 0.023 0.523 0.070 15.9 0.010 0.123 0.030
mean 0.043 0.023 4.48 0.000 0.018 lean 0.533 0.070 16.0 0.010 0.103 0.023
sd 0.04 0.00 0.53 0.00 0.00 sd 0.01 0.00 0.08 0.00 0.02 0.00
1:2 0.013 0.010 2.74 0.000 0.033 4:2 0.483 0.070 15.7 0.010 0.023 0.020
0.043 0.020 3.00 0.000 0.063 0.523 0.080 17.7 0.010 0.053 0.030
0.043 0.020 3.04 0.000 0.093 0.473 0.070 16.8 0.010 0.053 0.030
lean 0.033 0.017 2.93 0.000 0.063 lean 0.493 0.073 16.7 0.010 0.043 0.027
sd 0.01 0.00 0.13 0.00 0.02 sd 0.02 0.00 0.82 0.00 0.01 0.00
2:1 0.103 0.020 3.76 0.000 0.183 5:1 0.483 0.070 15.7 0.010 0.023 0.020
0.143 0.030 4.56 0.000 0.213 0.523 0.080 17.7 0.010 0.053 0.030
0.143 0.030 4.53 0.000 0.193 0.473 0.070 16.8 0.010 0.053 0.030
lean 0.130 0.027 4.28 0.000 0.197 lean 0.493 0.073 16.7 0.010 0.043 0.027
sd 0.02 0.00 0.37 0.00 0.01
£
sd 0.02 0.00 0.82 0.00 0.01 0.00
2:2 0.073 0.030 4.28 0.000 0.863 5:2 0.423 0.060 14.0 0.010 0.513 0.030
0.073 0.030 4.44 0.000 0.923 0.493 0.090 16.1 0.010 0.653 0.050
0.063 0.030 4.74 0.000 0.923 0.383 0.070 13.8 0.010 0.593 0.030
lean 0.070 0.030 4.49 0.000 0.903 lean 0.433 0.073 14.7 0.010 0.587 0.037
sd 0.00 0.00 0.19 0.00 0.03 sd 0.05 0.01 1.03 0.00 0.06 0.01
3:1 0.413 0.060 17.5 0.010 0.313 0.010
0.513 0.070 16.5 0.010 0.343 0.010
0.543 0.070 19.9 0.010 0.333 0.020
lean 0.490 0.067 18.0 0.010 0.330 0.013
sd 0.06 0.00 1.40 0.00 0.01 0.00
3:2 0.643 0.070 18.1 0.010 0.103 0.030
0.743 0.080 19.3 0.010 0.103 0.050
0.743 0.090 20.2 0.010 0.123 0.040
lean 0.710 0.080 19.2 0.010 0.110 0.040
sd 0.05 0.01 0.85 0.00 0.01 0.01
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Table 12 cont.
Zn Se Cd Hg Pb Zn Se Cd
1:1 2.61 - 4:1 5.38 0.270 0.000
3.58 0.020 5.95 0.320 0.000
3.73 0.010 6.30 0.380 0.000
lean 3.31 0.015 lean 5.88 0.323 0.000
sd 0.50 0.00 sd 0.38 0.04 0.00
1:2 2.30 - 4:2 5.35 0.290
2.92 0.003 6.08 0.320
3.07 0.003 6.32 0.330
lean 2.76 0.003 lean 5.92 0.313
sd 0.33 0.00 sd 0.41 0.02
2:1 3.04 0.090 5:1 5.35 0.290
3.37 0.050 6.08 0.320
3.42 0.030 6.32 0.330
lean 3.28 0.057 lean 5.92 0.313
sd 0.17 0.02 sd 0.41 0.02
2:2 2.89 0.050 0.000 5:2 5.47 0.280 0.000
3.23 0.050 0.000 6.18 0.250 0.000
3.26 0.020 0.000 6.10 0.270 0.000
lean 3.13 0.040 0.000 lean 5.92 0.267 0.000
sd 0.17 0.01 0.00 sd 0.32 0.01 0.00
3:1 5.43 0.280 - 0.003
5.40 0.320 0.000 *
5.87 0.360 0.000 *
lean 5.57 0.320 0.000 0.003
sd 0.21 0.03 0.00 0.00
3:2 5.92 0.340
6.40 0.420 
6.38 0.360 
lean 6.23 0.373
sd 0.22 0.03
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APPENDIX TWO (a)
Scottish Regions : Analysis of Variance Data
Analysis of Variance Region Month
Eleient Month Region SED LSD SED LSD
Na *** ns 51.6 - 51.6 112
Mg ns ns 11.64 - 12.75 -
A1 * ns 0.0991 - 0.1085 0.237
P ns ns 83.7 - 91.7 -
K *** * 56.2 122 61.5 134
Ca t i t ns 99.3 - 108.8 237
Cr t i t * 0.0714 0.156 0.0782 0.17
Mn it * 0.01056 0.023 0.01157 0.025
Fe t i t ns 1.695 - 1.857 4.048
Co ns ns 0.00454 - 0.00498 -
Ni * ns 0.032 - 0.035 0.076
Cu * ns 0.02192 - 0.02401 0.052
Zn t i t ns 0.44 - 0.487 1.062
Se ti t ns 0.0394 - 0.0431 0.094
Cd ns ns 0.00571 - 0.00625 -
Hg ns ns 0.000733 - 0.00802 -
Pb ns ns 0.01391 - 0.01524 -
SED = Standard Error of Difference of Means 
LSD = Least Significant Difference
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APPENDIX THREE
356
EXPERIMENTAL SUBJECT 1
CEC CEV CN1 FRONTAL HIPPOC OCCIP PARIET TEHPOR OCCUL BAS CSF INT CSF LUH CSF SERUH
Na * * 916 957 861 809 730 * * * * *
Hg * * * 140 74.2 74.3 117 108 * * * * *
A1 * * * 14.9 0.560 0.000 0.800 5.75 * * * * *
Si * * * 5.68 4.93 5.59 8.08 3,44 * * * * *
K * * * 2126 1735 2181 2890 2523 * * * * *
Ca * * * 2122 144 275 202 214 * * * * *
Cr * * * 0.000 0.000 0.370 0.690 0.240 * * * * *
Hn * * * 0.000 0.000 0.140 0.330 0.200 * * * * *
Fe * * * 36.3 19.9 18.3 30.9 25.7 * * * * *
Co * * * 0.170 0.000 0.000 0.000 0.000 * * * * *
Ni * * * 0.080 0.020 0.190 0.610 0.070 * * * * *
Cu * * * 3.55 1.56 1.61 10.4 3.50 * * * * *
Zn * * * 21.8 7.24 6.47 12.4 23.0 * * * * *
Ga * * * 0.010 0.000 0.010 0.080 0.020 * * * * *
Se * * * 0.120 0.080 0.090 0.150 0.130 * * * * *
Ho * * * 0.030 0.010 0.000 0.040 0.030 * * * * *
Cd * * * 0.200 0.230 0.050 0.300 0.080 * * * * *
Sn * * * 0.280 2.23 0.150 0.210 0,130 * * * * *
Hg It * * 0.130 0.000 0.060 0.020 0.380 * * * * *
Pb * * * 0.000 0.060 1.25 1.41 6.32 * * * * *
EXPERIHENTAL SUBJECT 2 
CEC CEV CN1 FRONTAL HIPPOC OCCIP PARIET TEHPOR OCCUL BAS CSF INT CSF LUH CSF SERUH
Na * * * * * * * * 669 583 * 650 606
Hg * * * * * * * * 21.6 25.3 * 31.2 41.8
A1 * * * * * * * * 0.030 0.340 * 0.000 0.000
Si * * * * * * * * 3.61 2.66 * 2.73 16.0
K * * * * * * * * 466 629 * 722 708
Ca * * * * * * * * 69.5 52.3 * 42.7 67.1
Cr * * * * * * * * 0.030 0.080 * 0.000 0.230
Hn * * * * * * * * 0.000 0.570 * 0.010 0.090
Fe * t * * * * * * 0.000 0.050 * 0.660 14.6
Co * * * * * * * * 0.000 0.000 * 0.000 0.050
Ni * * / * * * * * * 0.000 0.000 * 0.000 4.25
Cu * * * * * * * * 0.000 0.000 * 0.160 1.61
Zn * * * * * * * * 0.000 0.000 * 0.620 0.99
Ga * * * t * * * * 0.000 0.010 * 0.000 0.000
Se * * * * * * * 0.000 0.000 * 0.010 0.040
Ho * * * * * * * * 0.000 0.010 * 0.000 0.000
Cd * * * * * * * * 0.010 0.020 * 0.010 0.020
Sn * * * * * * * * 0.000 0.030 * 0.020 0.070
Hg * * * * * * * * 0.000 0.000 * 0.000 0.000
Pb * * * * * * * * 0.000 0.000 * 0.000 0.020
*  m i s s i ng s a m p l e
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EXPERIMENTAL SUBJECT 3
CEC CEV CN1 FRONTAL HIPPOC OCCIP PARIET TEMPOR OCCUL BAS CSF INT CSF LUM CSF SERUM
Na 474 648 796 666 686 552 653 732 992 626 782 646 610
Mg 130 103 88.2 134 100 127 143 117 23.6 32.6 36.6 28.9 45.2
A1 0.070 0.790 3.03 1.48 0.750 0.970 0.620 1.37 0.160 0.470 0.260 0.000 7.14
Si 18.1 32.3 52.3 32.1 22.8 38.2 41.8 39.4 2.10 1.94 3.75 0.670 27.0
K 2469 2454 1868 2703 2392 2788 2228 2101 581 1410 1410 969 *
Ca 69.2 243 595 191 224 143 160 195 85.5 52.0 49.4 41.3 550
Cr 0.080 0.160 0.370 0.400 0.130 0.670 0.130 0.120 0.000 0.000 0.040 0.000 1.72
Mn 0.370 0.220 0.270 0.290 0.250 0.250 0.290 0.200 0.010 0.020 0.040 0.020 0.160
Fe 45.4 45.8 29.9 60.2 41.7 91.9 91.0 71.4 0.070 0.660 3.81 0.280 12.4
Co 0.000 0.030 0.020 0.010 0.010 0.010 0.010 0.020 0.000 0.000 0.000 0.000 0.080
Ni 0.000 0.160 0.290 0.250 0.000 0.380 0.040 0.320 0.060 0.020 0.050 0.000 0.620
Cu 5.50 3.62 2.83 4.02 3.24 3.32 4.93 2.83 0.100 0.220 0.440 0.130 1.11
Zn 13.9 8.09 12.5 15.1 12.5 12.5 13.8 13.5 0.480 0.720 2.18 0.460 2.84
Ga 0.010 0.010 0.010 0.010 0.010 0.000 0.010 0.010 0.000 0.000 0.000 0.000 0.050
Se 0.540 0.160 0.130 0.140 0.170 0.160 1.00 0.130 0.050 0.050 0.060 0.010 0.200
Mo 0.010 0.000 0.020 0.030 0.010 0.020 0.040 0.010 0.000 0.000 0.000 0.000 0.090
Cd 0.020 0.040 0.110 0.040 0.020 0.040 0.050 0.050 0.000 0.210 0.010 0.000 0.200
Sn 0.030 0.230 0.360 0.270 0.090 0.080 0.410 0.110 0.030 0.010 0.050 0.020 0.140
Hg 0.270 0.040 0.080 0.010 0.050 0.010 0.010 0.000 0.000 0.000 0.010 0.000 0.010
Pb 0.420 0.200 0.400 0.170 0.100 0.090 0.070 0.150 0.040 0.010 0.520 0.010 0.160
EXPERIMENTAL SUBJECT 4
CEC CEV CN1 FRONTAL HIPPOC OCCIP PARIET TEHPOR OCCUL BAS CSF INT CSF LUM CSF SERUM
Na 539 601 1007 543 739 381 628 739 739 549 720 211 898
Mg 72.5 61.9 93.9 69.9 29.6 90.5 82.6 86.2 29.6 31.3 31.3 47.3 48.6
A1 0.180 0.150 3.08 1.71 1.01 0.970 0.240 0.270 1.01 0.000 0.000 1.26 0.140
Si 5.67 2.20 27.9 5.44 5.40 14.5 10.8 19.5 5.40 0.830 0.460 8.34 13.9
X 2893 2269 1555 917 139 943 2152 1987 139 888 1110 1633 2303
Ca 55.1 59.7 431 65.5 214 100 82.8 80.3 214 46.0 42.0 393 178
Cr 0.050 0.030 0.520 0.080 0.410 0.160 0.090 0.210 0.410 0.000 0.000 0.920 0.070
Mn 0.210 0.160 0.420 0.120 0.050 0.200 0.160 0.150 0.050 0.000 0.010 0.090 0.010
Fe 31.5 27.5 26.3 31.0 2.55 53.1 37.4 29.2 2.55 0.000 0.000 12.3 3.40
Co 0.000 0.000 0.030 0.000 0.040 0.010 Q.020 0.010 0.040 0,000 0.000 0.020 0.000
Ni 0.090 0.070 0.730 0.080 0.000 0.390 0.080 0.100 0.000 0.000 0.000 0.900 0.000
Cu 3.08 2.32 6.97 2.21 0.230 3.48 2.58 2.31 0.230 0.200 0.080 0.510 1.21
Zn 8.00 6.60 13.7 7.37 0.690 10.4 7.64 9.22 0.690 0.260 0.230 1.65 1.74
Gs 0.000 0.000 0.010 0.000 0.020 0.010 0.000 0.000 0.020 0.000 0.000 0.010 0.000
Se 0.170 0.070 0.240 0.090 0.050 0.140 0.090 0.150 0.050 0.000 0.000 0.110 0.060
Mo 0.010 0.010 0.100 0.020 0.000 0.020 0.020 0.020 0.000 0.000 0.000 1.46 0.000
Cd 0.030 0.080 0.090 0.050 0.020 0.060 0.070 0.040 0.020 0.000 0.000 0.070 0.100
Sn 0.050 0.040 0.380 0.060 0.090 0.150 0.080 0.030 0.090 0.050 0.000 0.380 0.030
Hg 0.040 0.060 0.060 0.010 0.000 0.010 0.010 0.070 0.000 0.000 0.000 0.000 0.000
Pb 0.060 0.040 0.540 0.060 0.050 0.160 0.060 0.100 0.050 0.000 0.000 0.130 0.240
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EXPERIMENTAL SUBJECT 5
CEC CEV CN1 FRONTAL HIPPOC OCCIP PARIET TEMPOR OCCUL BAS CSF INT CSF LUM CSF SERUM
Na 293 562 574 518 708 421 532 555 803 684 501 * 744
Mg 91.2 99.6 62.9 102 117 111 110 83.2 20.0 37.9 30.3 * 29.3
A1 0.170 1.44 1.25 0.410 0.290 0.330 0.100 0.220 0.410 0.150 0.850 * 0.350
Si 6.45 26.4 8.33 8.98 46.7 12.4 40.0 9.04 9.47 5.78 11.1 * 6.84
K 2961 2643 1425 2438 2298 2888 2273 2286 373 1873 871 * 934
Ca 43.6 151 1782 81.7 94.8 61.6 70.4 64.3 45.8 52.5 71.5 * 159
Cr 0.050 0.260 0.090 0.130 0.170 0.090 0.200 0.060 0.090 0.080 0.130 * 0.210
Mn 0.250 0.700 0.130 0.180 0.240 0.360 0.200 0.140 0.010 0.020 0.030 * 0.020
Fe 46.4 102 10.8 48.0 52.2 86.0 29.5 35.2 0.110 0.440 1.14 * 1.77
Co 0.000 0.090 0.000 0.000 Q.000 0.030 0.060 0.000 0.000 0.010 0.020 * 0.020
Ni 0.050 0.250 0.180 0.050 0.050 0.060 0.080 0.030 0.000 0.000 0.000 * 0.000
Cu 3.56 6.08 1.03 3.00 2.86 4.17 2.92 2.33 0.000 0.080 0.000 * 0.000
Zn 8.95 13.8 8.38 9.69 11.8 12.1 8.90 9.85 0.000 0.000 0.120 * 0.650
6a 0.000 0.010 0.010 0.010 0.000 0.010 0.000 0.000 0.000 0.000 0.010 * 0.010
Se 0.140 0.250 0.100 0.100 0.140 0.130 0.150 0.090 0.020 0.010 0.010 * 0.020
Mo 0.020 0.040 0.020 0.030 0.030 0.040 0.030 0.020 0.010 0.010 0.010 * 0.010
Cd 0.040 0.050 0.060 0.040 0.020 0.040 0.010 0.020 0.020 0.020 0.010 * 0.050
Sn 0.040 0.260 0.270 0.060 0.010 0.100 0.000 0.020 0.120 0.020 0.020 * 0.040
Hg 0.040 0.040 0.020 0.010 0.050 0.010 0.040 0.000 0.000 0.000 0.000 * 0.000
Pb 0.100 0.350 0.480 0.110 0.080 0.150 0.000 0.060 0.000 0.000 0.000 * 0.000
EXPERIMENTAL SUBJECT 6
CEC CEV CN1 FRONTAL HIPPOC OCCIP
Na 395 422 722 535 1138 512
Mg 158 81.3 45.3 50.4 92.5 101
A1 1.2 0.140 0.830 0.000 0.240 1.42
Si 40.9 4.88 6.43 3.95 10.0 0.77
K 3664 2703 1658 1901 2208 2871
Ca 74.4 41.2 146 25.6 59.9 58.5
Cr 1.08 0.040 0.060 0.020 0.080 0.550
Mn 0.460 0.230 0.170 0.070 0.160 0.290
Fe 47.6 23.4 41.2 13.5 38.7 69.8
Co 0.020 0.020 0.010 0.000 0.000 0.000
Ni 0.150 0.040 0.110 0.010 0.060 0.190
Cu 4.33 2.92 1.81 0.780 1.76 3.73
Zn 14.6 7.73 5.87 3.52 8.82 11.2
Ga 0.010 0.000 0.010 0.000 0.000 0.010
Se 0.470 0.230 0.060 0.040 0.120 0.160
Mo 0.020 0.010 0.020 0.010 0.020 0.030
Cd 0.060 0.030 0.060 0.020 0.040 0.050
Sn 0.020 0.000 0.080 0.000 0.030 0.000
Hg 0.140 0.030 0.010 0.000 0.010 0.020
Pb 0.710 0.870 0.470 0.010 0.100 0.160
PARIET TEMPOR OCCUL BAS CSF INT CSF LUM CSF SERUM
396 377 907 468 * * . 895
43.0 53.9 17.9 26.5 * * 33.9
0.230 0.280 0.800 0.700 * * 0.470
1.86 5.89 2.05 0.57 * * 11.7
1490 2105 763 999 * * 1331
48.5 36.6 64.8 74.8 * * 85.0
0.040 0.040 0.040 0.040 * * 0.190
0.080 0.070 0.010 0.000 * * 0.020
15.2 27.6 0.150 0.000 * * 3.36
0.000 0.000 0.040 0.000 * * 0.010
0.030 0.030 0.690 0.000 * * 0.000
1.11 0.990 0.060 0.060 * * 0.900
3.21 5.48 0.100 0.160 * * 0.920
0.000 0.000 0.000 0.000 * * 0.000
0.030 0.060 0.000 0.000 * * 0.020
0.010 0.010 0.030 0.000 * * 0.000
0 . 0 2 0  0 . 0 2 0  0 . 0 0 0  0 . 0 0 0  * * 0 . 0 0 0
0.020 0.030 0.070 0.020 * * 0.010
0.000 0.000 0.000 0.000 * * 0.000
0.050 0.030 0.010 0.010 * * 0.010
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EXPERIMENTAL SUBJECT 7
CEC CEV CHI FRONTAL HIPPOC OCCIP PARIET TEMPOR OCCUL BAS CSF INT CSF LUM CSF SERUM
Na 507 352 * 444 572 382 356 625 853 912 852 * *
Mg 89.4 73.4 * 78.5 85.3 74.4 75.5 130 26.0 44.9 35.8 * *
A1 1.38 0.270 * 0.930 1.98 1.00 1.12 6.23 0.440 0.460 0.610 * *
Si 0.000 0.000 * 0.000 2.05 1.17 1.59 6.12 1.85 2.32 1.89 * *
K 2879 2068 * 2472 1950 2139 1930 2429 837 2022 1556 * *
Ca 69.2 41.0 * 40.4 51.1 51.3 35.5 84.2 87.1 119 59.6 * *
Cr 1.76 0.130 * 0.570 0.160 0.200 0.080 0.180 0.000 0.000 0.000 * *
Mn 0.240 0.170 * 0.130 0.130 0.110 0.100 0.410 0.000 0.010 0.020 * *
Fe 26.9 21.0 * 25.3 21.1 28.4 22.9 54.5 0.000 0.240 1.54 * *
Co 0.000 0.000 * 0.000 0.000 0.000 0.000 0.030 0.020 0.000 0.000 * *
Hi 0.610 0.020 * 0.140 0.020 0.020 0.020 0.690 0.000 0.000 0.630 * *
Cu 4.45 3.54 * 2.47 2.56 3.05 13.1 6.98 0.040 0.260 0.080 * *
Zn 8.83 6.94 * 7.81 9.26 6.98 13.0 15.6 0.020 0.480 0.390 * *
Ga 0.000 0.000 * 0.000 0.000 0.000 0.000 0.040 0.000 0.000 0.000 * *
Se 0.220 0.130 * 0.070 0.070 0.090 0.050 0.120 0.010 0.000 0.010 * *
Mo 0.030 0.010 * 0.020 0.020 0.020 0.020 0.040 0.010 0.000 0.000 * *
Cd 0.020 0.000 * 0.020 0.000 0.220 0.000 0.140 0.010 0.000 0.020 * *
Sn 0.000 0.000 * 0.000 0.000 0.000 0.000 0.210 0.030 0.010 0.020 * *
Hg 0.000 0.010 * 0.000 0.010 0.000 0.000 0.060 0.000 0.000 0.000 * *
Pb 0.000 0.340 * 0.140 0.030 0.020 0.080 0.440 0.000 0.000 0.010 * *
EXPERIMENTAL SUBJECT 8
CEC CEV CN1 FRONTAL HIPPOC OCCIP PARIET TEMPOR OCCUL BAS CSF INT CSF LUM CSF SERUM
Na 171 457 * 596 656 477 590 * 951 740 817 686 715
Mg 126 132 * 61.9 72.3 98.0 145 * 31.8 47.5 47.3 25.2 74.8
A1 0.490 0.500 * 0.000 0.000 0.300 1.79 * 0.000 0.000 0.000 0.150 0.000
Si 10.9 8.42 * 2.16 2.68 2.61 43.6 * 9.42 6.48 6.89 7.61 51.3
K 2920 2678 * 1619 1612 2587 3052 * 958 1620 1890 1025 2416
Ca 119 66.8 * 108 110 184 336 * 85.1 65.3 60.6 58.2 126
Cr 0.130 0.460 * 0.320 0.860 0.510 0.280 * 0.000 0.000 0.000 0.000 0.140
Mn 0.350 0.430 * 0.090 0.240 0.180 0.230 * 0.020 0.020 0.030 0.030 0.020
Fe 57.5 65.0 * 17.1 30.6 47.3 83.5 * 1.27 1.63 3.00 1.93 7.37
Co 0.050 0.020 * 0.000 0.010 0.000 0.020 * 0.000 0.000 0.000 0.010 0.000
Ni 0.080 0.000 * 0.000 0.130 0.050 0.050 * 0.020 0.000 0.010 0.030 0.020
Cu 4.23 5.67 * 1.32 1.08 2.30 4.54 * 0.240 0.320 0.300 1.40 1.50
Zn 11.3 12.8 * 3.57 7.39 8.72 10.7 * 0.420 0.850 0.840 1.41 3.77
Ga 0.010 0.010 * 0.000 0.000 0.000 0.000 * 0.000 0.000 0.000 0.000 0.000
Se 0.320 0.320 * 0.050 0.080 0.170 0.190 * 0.020 0.010 0.010 0.000 0.070
Mo 0.010 0.020 * 0.000 0.010 0.010 0.010 * 0.000 0.000 0.000 0.000 0.000
Cd 0.040 0.040 * 0.010 0.010 0.010 0.050 * 0.000 0.000 0.010 0.020 0.010
Sn 0.130 0.050 * 0.000 0.050 0.030 0.070 * 0.010 0.000 0.010 0.040 0.020
Hg 0.180 0.190 * 0.000 0.000 0.010 0.020 * 0.000 0.000 0.000 0.000 0.000
Pb 0.150 0.050 * 0.030 0.040 0.060 0.160 * 0.030 0.000 0.010 0.060 0.010
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EXPERIMENTAL SUBJECT 9
CEC CEV CN1 FRONTAL HIPPOC OCCIP PARIET TEMPOR OCCUL BAS CSF INT CSF LUM CSF SERUM
Na 454 508 * 509 825 527 509 593 * ft ft ft ft
Mg 127 113 * 94.0 48.7 101 109 89.0 * ft ft ft ft
A1 1.84 2.04 * 1.51 1.17 2.20 2.38 1.97 * ft ft ft ft
Si 3.22 11.3 * 5.85 0.00 10.5 8.66 1.89 * ft * * ft
K 2733 3029 * 2467 1716 2462 2376 1906 * ft ft ft ft
Ca 57.1 68.4 * 111 48.8 58.4 61.4 62.0 * ft ft ft t
Cr 0.850 0.560 * 0.230 0.170 0.410 0.210 0.240 * ft ft ft ft
Mn 0.380 0.400 * 0.260 0.160 0.240 0.270 0.180 t ft ft ft ft
Fe 44.8 55.3 * 40.3 16.0 44.2 41.7 36.7 * ft ft ft ft
Co 0.000 0.000 * 0.000 0.000 0.000 0.000 0.000 * ft it ft ft
Ni 0.050 0.720 * 0.090 0.050 0.120 0.090 0.070 * ft * ft ft
Cu 6.50 0.000 * 3.52 1.45 3.80 3.92 3.43 it ft ft ft *
Zn 12.6 33.7 * 8.67 6.85 10.2 10.5 10.5 * ft ft ft ft
Ga 0.010 0.010 * 0.010 0.010 0.000 0.000 0.000 ft ft ft ft ft
Se 0.270 0.340 * 0.080 0.050 0.190 0.140 0.200 ft ft ft ft ft
Mo 0.020 0.020 * 3.72 0.020 0.030 0.030 0.020 ft ft ft ft ft
Cd 0.000 0.290 * 0.000 0.000 0.090 0.010 0.020 ft ft ft ft ft
Sn 0.000 0.060 * 0.200 0.000 0.060 0.010 0.000 ft ft ft ft ft
Hg 0.060 0.020 * 0.090 0.010 0.010 0.000 0.010 ft ft ft ft ft
Pb 0.270 0.270 * 0.650 0.080 0.140 0.080 0.060 ft ft ft ft ft
CONTROL SUBJECT 1
CEC CEV CN1 FRONTAL HIPPOC OCCIP PARIET TEMPOR OCCUL BAS CSF INT CSF LUM CSF SERUM
Na * ft 918 463 * 435 816 367 815 573 * 877 327
Mg * it 92.2 66.1 * 65.6 41.8 61.4 16.4 28.8 * 47.1 27.3
A1 * ft 6.89 0.010 * 1.31 1.29 1.64 0.000 0.000 * 0.590 3.93
Si * ft 44.4 18.6 * 16.6 21.9 12.1 1.30 1.13 * 12.9 29.4
K * ft 2312 2214 * 2439 3016 1823 632 1334 * 1310 776
Ca * ft 494 63.2 * 81.2 119 71.1 93.2 65.0 * 168 76.3
Cr * ft 0.380 0.110 * 0.090 0.130 0.090 0.010 0.020 * 0.070 0.210
Mn * ft 0.370 0.220 * 0.240 0.340 0.140 0.020 0.030 * 0.100 0.160
Fe * ft 38.6 44.7 * 46.9 48.2 27.9 0.99 1.07 * 5.23 12.0
Co * ft 0.000 0.000 * 0.000 0.000 0.000 0.000 0.000 * 0.000 0.710
Ni * ft 0.650 0.040 * 0.050 0.020 0.070 0.010 0.010 * 0.090 0.240
Cu * ft 4.16 3.50 * 3.37 4.38 2.04 0.040 0.080 * 1.02 1.66
Zn * * 15.1 9.27 * 9.12 11.6 7.87 0.000 0.000 * 1.90 4.46
Ga * * 0.010 0.000 * 0.000 0.000 0.000 0.000 0.000 * 0.000 0.010
Se * ft 0.200 0.150 * 0.150 0.220 0.100 0.000 0.000 * 0.030 0.190
Mo * ft 0.050 0.020 * 0.030 0.030 0.020 0.000 0.000 * 0.000 0.040
Cd * * 0.120 0.110 * 0.140 0.070 0.030 0.000 0.170 * 0.720 0.610
Sn * * 0.490 0.080 * 0.020 0.030 0.090 0.030 0.020 * 0.100 0.550
Hg * ft 0.010 0.010 * 0.010 0.010 0.010 0.000 0.000 * 0.000 0.020
Pb * ft 0.000 0.000 * 0.000 0.000 0.000 0.000 0.000 * 0.000 10.8
3 6 1
COHTROL SUBJECT 2
CEC CEV CHI FRONTAL HIPPOC OCCIP PARIET TEMPOR OCCUL BAS CSF INT CSF LUM CSF SERUM
Ha 561 690 701 * 934 592 596 653 834 551 843 * 661
Mg 74.8 119 125 * 149 56.2 38.6 106 20.9 33.1 62.5 * 37.2
A1 0.690 4.16 4.06 * 19.3 0.960 0.470 1.92 1.36 3.83 0.670 it 0.270
Si 51.5 42.9 82.1 * 200 19.6 23.6 63.5 2.01 1.67 8.34 it 2.52
K 3082 3213 2663 * 2345 2574 2307 2718 745 1127 2488 * 1007
Ca 100 124 169 * 245 101 60.9 106 44.3 13.0 67.7 * 95.5
Cr 0.200 2.96 0.570 * 2.05 0.200 0.150 0.290 0.090 0.130 0.270 it 0.070
Mn 0.510 0.850 0.330 * 1.18 0.220 0.250 0.380 0.020 0.030 0.050 it 0.020
Fe 44.4 50.7 67.6 * 104 29.2 21.6 73.3 1.14 1.65 3.72 it 2.50
Co 0.020 0.110 0.010 * 0.370 0.010 0.000 0.010 0.010 0.020 0.000 i 0.000
Ni 0.060 0.310 0.180 * 0.880 0.040 0.020 0.100 0.000 0.000 0.000 * 0.000
Cu 5.34 6.51 3.60 * 4.80 2.00 1.83 3.32 0.000 0.000 0.340 * 0.000
Zn 14.6 16.4 14.2 * 21.6 8.31 6.18 18.6 0.420 0.420 1.97 it 1.04
Ga 0.000 0.010 0.010 * 0.060 0.000 0.000 0.010 0.000 0.000 0.000 it 0.000
Se 0.700 0.420 0.260 * 0.850 0.110 0.090 0.300 0.040 0.000 0.120 it Q.040
Mo 0.020 0.050 0.080 * 0.190 0.040 0.020 0.060 0.010 0.000 0.010 it 0.270
Cd 0.000 0.200 0.000 * 2.62 0.000 0.000 0.170 0.190 0.070 0.090 it 0.080
Sn 0.230 1.03 0.560 * 3.70 0.320 0.100 0.370 0.060 0.080 0.060 * 0.040
Hg 0.080 0.000 0.000 * 0.030 0.000 0.010 0.040 0.010 0.000 0.010 it 0.010
Pb 0.660 1.19 0.140 * 2.79 0.100 0.040 0.160 0.060 0.000 0.100 * 0.000
CONTROL SUBJECT 3 
CEC CEV CN1 FRONTAL HIPPOC OCCIP PARIET TEMPOR OCCUL BAS CSF INT CSF LUM CSF SERUM
Na 442 571 1067 598 566 475 581 491 517 600 it 755 704
Mg 27.7 36.2 169 52.3 55.7 46.1 114 95.7 16.2 52.5 * 50.9 76.0
A1 0.000 1.34 5.10 0.940 0.610 1.16 2.06 3.03 0.290 0.080 it 0.420 0.060
Si 30.4 35.5 87.6 12.2 31.4 50.2 46.1 46.0 8.53 0.000 it 15.2 49.1
R 2517 2460 3359 2400 2687 2860 2659 2868 586 1858 it 1455 2130
Ca 105 138 661 86.7 305 162 195 215 47.4 60.0 i 109 150
Cr 0.380 0.580 1.12 0.130 0.290 0.460 1.06 0.290 0.010 0.030 it 0.070 0.230
Mn 0.430 0.420 0.640 0.180 0.330 0.400 0.440 0.400 0.010 0.010 it 0.040 0.010
Fe 56.6 40.9 49.9 35.1 56.3 69.1 69.3 65.6 0.750 1.12 it 5.26 10.5
Co 0.000 0.070 0.360 0.010 0.030 0.020 0.030 0.020 0.000 0.000 * 0.000 0.000
Ni 0.710 1.49 1.27 0.130 0.140 0.220 0.320 0.250 0.010 0.010 it 0.030 0.020
Cu 8.36 9.44 15.3 3.88 5.05 6.81 9.09 8.39 0.060 0.860 it 0.780 1.61
Zn 14.9 13.1 21.1 8.50 16.3 13.2 15.4 14.7 0.150 1.01 it 1.29 1.88
Ga 0.010 0.010 0.030 0.000 0.000 0.010 0.020 0.010 0.000 0.000 it 0.000 0.000
Se 0.420 0.270 0.240 0.090 0.200 0.270 0.190 0.310 0.000 0.000 it 0.060 0.070
Mo 0.020 0.030 0.070 0.020 0.050 0.030 0.050 0.040 0.000 0.000 it 0.010 0.010
Cd 0.000 0.110 2.87 0.000 0.000 0.000 0.310 0.040 0.010 0.010 it 0.050 0.060
Sn 0.010 0.020 0.810 0.020 0.060 0.050 0.540 0.150 0.040 0.000 it 0.110 0.010
Hg 0.040 0.030 0.010 0.010 0.010 0.010 0.020 0.020 0.000 0.000 it 0.000 0.000
Pb 0.070 1.00 3.57 0.350 0.350 0.520 0.950 0.760 0.040 0.010 it 0.050 0.020
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CONTROL SUBJECT 4
CEC CEV CN1 FRONTAL HIPPOC OCCIP PARIET TEMPOR OCCUL BAS CSF INT CSF LUM CSF SERUM
Na 584 611 * 560 674 543 706 573 853 699 * 999 769
Mg 102 96.0 * 104 108 104 92.4 124 21.9 47.4 * 43.2 68.7
A1 1.36 0.880 * 2.00 2.51 0.810 2.14 0.980 0.080 0.040 * 1.93 0.230
Si 25.2 21.8 t 19.1 42.4 23.1 21.1 29.7 1.35 4.76 * 15.0 32.7
K 2889 3018 t 2859 2109 2960 2026 2964 511 1298 * 1204 1700
Ca 61.2 55.7 * 226 86.1 144 130 190 66.4 69.8 * 93.0 127
Cr 0.140 0.140 * 0.140 0.220 0.350 0.220 0.170 0.290 0.060 * 1.36 0.160
Mn 0.260 0.320 * 0.180 0.250 0.230 0.210 0.210 0.010 0.020 * 0.260 0.010
Fe 34.6 27.5 t 30.3 42.6 41.0 33.4 46.6 2.96 1.02 * 19.6 4.64
Co 0.010 0.030 * 0.010 0.040 0.020 0.920 0.010 0.000 0.000 * 0.020 0.000
Ni 0.110 0.170 * 0.230 0.160 0.180 0.000 0.100 0.010 0.000 * 0.410 0.020
Cu 3.49 3.27 * 2.42 2.18 2.74 2.43 2.88 0.170 0.210 * 0.380 2.01
Zn 10.7 10.9 * 10.5 10.4 9.70 10.1 12.4 0.090 0.340 * 2.17 2.46
G3 0.010 0.010 t 0.020 0.020 0.010 0.020 0.010 0.000 0.000 * 0.010 0.000
Se 0.070 0.110 t 0.060 0.090 0.110 0.110 0.120 0.010 0.000 * 0.220 0.030
Mo 0.020 0.020 t 0.030 0.030 0.030 0.030 0.030 0.000 0.000 * 0.210 0.010
Cd 0.090 0.020 * 0.020 0.030 0.020 0.040 0.050 0.000 0.000 * 0.650 0.010
Sn 0.090 0.050 * 0.100 0.130 0.040 0.330 0.100 0.000 0.020 * 0.070 0.010
Hg 0.040 0.020 * 0.010 0.010 0.010 0.020 0.010 0.000 0.000 * 0.010 0.010
Pb 0.160 0.100 * 0.180 0.190 0.140 0.380 0.160 0.010 0.010 * 0.200 0.010
CONTROL SUBJECT 5
CEC CEV CN1 FRONTAL HIPPOC OCCIP PARIET TEMPOR OCCUL BAS CSF INT CSFLUM CSF SERUM
Na 602 578 665 633 690 496 666 569 754 667 457 621 703
Mg 122 87.1 111 104 99.3 119 96.4 105 16.7 35.0 23.1 22.4 34.6
A1 10.6 5.15 3.58 3.40 3.32 0.620 4.82 7.26 0.460 0.120 0.530 0.180 0.720
Si 72.4 28.5 51.7 65.2 49.4 30.0 54.9 40.7 3.67 3.59 6.41 1.83 30.9
K 4082 2643 1385 2299 1779 3146 2051 2944 276 1403 890 597 773
Ca 75.3 63.5 2146 166 99.1 111 159 81.0 48.0 43.6 32.3 53.4 132
Cr 0.310 0.170 0.360 0.460 0.480 0.220 0.320 0.290 0.020 0.010 0.010 0.010 0.160
Mn 0.360 0.580 0.200 0.230 0.270 0.220 0.270 0.250 0.010 0.010 0.020 0.000 0.020
Fe 24.8 14.0 20.8 38.5 32.4 40.9 41.7 49.0 0.000 0.000 0.000 0.110 1.16
Co 0.040 0.030 0.070 1.280 0.020 0.010 0.100 0.170 0.000 0.000 0.010 0.000 0.000
Ni 0.920 0.160 0.410 0.640 0.380 0.130 0.400 0.470 0.010 0.040 0.040 0.000 0.130
Cu 3.70 2.03 2.40 2.61 3.61 1.82 1.62 3.11 0.200 0.100 0.280 0.040 0.800
Zn 14.1 8.08 11.0 11.2 13.1 11.2 8.47 13.6 0.310 0.260 1.03 0.070 1.35
Ga 0.010 0.010 0.030 0.020 0.010 0.010 0.020 0.010 0.000 0.000 0.000 0.000 0.000
Se 0.120 0.050 0.090 0.100 0.100 0.140 0.090 0.080 0.050 0.010 0.110 0.000 0.030
Mo 0.030 0.010 0.030 0.030 0.030 0.030 0.020 0.040 0.000 0.000 0.000 0.000 0.000
Cd 0.170 0.010 0.050 0.240 0.040 0.160 0.220 0.140 0.000 0.010 0.030 0.010 0.080
Sn 0.480 0.150 0.260 0.480 0.280 0.090 0.490 0.440 0.030 0.000 0.110 0.020 0.150
Hg 0.020 0.000 0.010 0.010 0.000 0.000 0.010 0.010 0.000 0.000 0.010 0.010 0.010
Pb 0.560 0.170 0.700 0.840 0.440 0.220 0.400 0.420 0.040 0.020 0.070 0.010 0.070
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CONTROL SUBJECT 6
CEC CEV CN1 FRONTAL HIPPOC OCCIP PARIET TEMPOR OCCUL BAS CSF INT CSF LUM CSF SERI
Na 437 529 683 456 533 * 586 597 * 699 869 * *
Mg 87.5 74.9 66.0 122 134 * 109 91.8 * 37.3 43.8 * *
A1 0.540 0.000 3.91 0.120 0.000 * 1.95 1.20 * 1.46 0.500 * *
Si 1.41 1.79 9.37 5.42 12.9 * 6.94 2.98 * 1.34 4.45 * *
X 4427 3707 1586 2695 2726 * 3146 2754 * 1328 1983 * *
Ca 46.8 40.9 176 57.6 219 * 72.6 45.9 * 22.2 35.3 * *
Cr 0.000 0.000 0.170 0.000 0.350 * 0.050 0.000 * 0.060 0.460 * *
Mn 0.240 0.250 0.210 0.290 0.000 * 0.450 0.170 * 0.020 0.100 * *
Fe 40.7 34.8 19.6 52.0 55.9 * 51.4 30.5 * 0.000 7.89 * *
Co 0.010 0.000 0.020 0.010 0.000 * 0.090 0.010 * 0.000 0.000 * *
Ni 0.000 0.000 0.150 0.000 0.270 * 0.050 0.000 * 0.000 0.000 * *
Cu 4.55 4.46 2.08 3.99 5.63 * 4.09 3.39 * 0.000 0.000 * *
Zn 8.24 7.29 11.1 8.48 36.6 * 8.67 9.28 * 0.000 1.02 * *
Ga 0.000 0.000 0.000 0.000 0.030 * 0.000 0.000 * 0.000 0.010 * *
Se 0.110 0.070 0.180 0.120 0.150 * 0.110 0.100 * 0.000 0.030 * *
Mo 0.010 2.02 0.020 0.810 0.040 * 0.000 0.000 * 0.000 0.010 * *
Cd 0.110 0.000 0.110 0.020 0.600 * 0.160 0.020 * 0.060 0.440 * *
Sn 0.000 0.000 0.090 0.000 0.430 * 0.860 0.000 * 0.010 0.030 * *
Hg 0.010 0.030 0.060 0.050 0.660 * 0.910 0.100 * 0.010 0.000 * *
Pb 0.000 0.090 0.420 0.140 0.000 * 2.46 0.240 * 0.000 0.000 * *
CONTROL SUBJECT 7
CEC CEV CN1 FRONTAL HIPPOC OCCIP PARIET TEMPOR OCCUL
Na 621 544 738 565 742 634 531 615 639
Mg 87.4 81.9 91.6 86.7 87.2 88.2 83.5 93.2 22.3
A1 3.31 1.48 7.64 1.07 0.760 0.330 1.60 0.660 0.000
Si 5.75 3.95 18.2 4.02 8.05 3.52 3.19 2.79 1.13
X 2591 2645 2468 2690 2295 1919 3145 2542 616
Ca 64.8 57.6 908 104 77.2 159 56.3 598 74.1
Cr 0.460 0.000 1.45 0.000 0.210 0.000 0.050 0.000 0.010
Mn 0.260 0.250 0.300 0.260 0.200 0.210 0.200 0.220 0.010
Fe 19.0 17.8 26.1 33.5 21.0 29.7 25.7 25.3 0.97
Co 0.630 0.050 0.070 0.150 0.010 0.010 0.010 0.010 0.000
Ni 0.360 0.060 1.14 0.110 0.070 0.000 0.010 0.000 0.000
Cu 5.44 4.97 9.15 4.06 2.58 2.66 2.31 4.97 0.000
Zn 11.6 10.9 12.2 11.9 10.8 9.48 8.43 9.39 0.000
Ga 0.000 0.000 0.150 0.000 0.000 0.000 0.000 0.000 0.000
Se 0.530 0.400 0.280 0.180 0.260 0.300 0.190 0.170 0.000
Mo 0.040 0.030 0.010 0.030 1.59 0.000 0.000 0.030 0.000
Cd 0.170 0.130 0.270 0.100 0.070 0.010 0.080 0.030 0.000
Sn 0.730 0.010 0.360 0.000 0.010 0.010 0.000 0.000 0.020
Hg 0.160 0.320 0.010 0.070 0.770 0.290 0.150 0.030 0.000
Pb 0.430 0.290 0.240 0.000 0.320 0.890 0.670 0.310 0.000
BAS CSF INT CSF LUM CSF SERUM
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APPENDIX THREE (a)
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Na
.
Mg
— - .  —
Ai Si K Ua Cr Mn Fe Co
Mg -0.183
A! 0.169 0.400
Si 0.132 0.472 0.537
K -8.300 0.746 0.221 0.316
Ca 0.183 0.230 0.420 0.177 0.014
Cr 0.120 0.337 0.453 0.456 0.271 0.140
Mn -0.143 0.617 0.484 0.627 0.530 0.053 0.570
Fe -0.291 0.773 0.232 0.517 0.671 0.060 0.320 0.723
Co 0.019 0.157 0.313 0.316 0.057 0.084 0.176 0.196 0.106
Ni 0.117 0.120 0.283 0.283 0.058 0.139 0.333 0.255 0.141 0.168
Cu -0.138 0.614 0.276 0.357 0.612 0.158 0.372 0.640 0.625 0.136
Zn -0.195 0.796 0.438 I-  0.450 0.873 0.247 0.333 0.648 0.763 0.155
Ga 0.118 0.305 0.491 0.327 0.162 0.344 0.431 0.351 0.221 0.190
Se -0.133 0.538 0.341 0.510 0.483 0.068 0.441 0.883 0.627 0.176
Mo 0.023 0.068 -0.001 -0.042 0.121 -0.007 0.038 0.066 0.058 -0.024
Cd 0.264 0.286 0.520 0.587 0.134 0.143 0.435 0.449 0.230 0.318
Sn 0.241 0.314 0.628 0.653 0.129 0.148 0.451 0.508 0.325 0.337
H3 -0.084 0.283 0.043 -0.061 0.238 0.017 -0.040 0.143 0.161 0.024
Pb -0.035 0.137 0.303 0.246 0.073 0.069 0.173 0.253 0.104 0.408
Ni Cu Zn Ga Se Mo Cd Sn Hg
Mg
AI
Si
K
Ca
Cr
Mn
Fe
Co
Ni
Cu 0.282
Zn 0.196 0.673
Ga 0.322 0.406 0.327
Se 0.152 0.525 0.533 0.256
Mo 0.013 0.048 0.023 0.005 0.012
Cd 0.275 0.345 0.307 0.355 0.322 -0.003
Sn 0.211 0.219 L  0.325 0.338 0.432 0.028 0.651
Hg -0.048 0.183 0.350 0.027 _  0.227 0.175 0.048 0.096
Pb 0.118 0.217 0.222 0.191 0.139 0.016 0.403 0.311 0.216
Correlation Coefficients for Tissue Data
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